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PREFACE 

These three books provide a course of instruction for those 
pupils who do not stay at school long enough to profit by an 
extended study of mathematics. 

There is much redundant matter taught to these young 
pupils, who often leave school at fourteen or fifteen years of 
age, wrestling with long division or G.C.M. in Algebra. Conse- 
quently, they never reach those branches of the subject that 
will be of any practical value to them : Formulae, Practical 
Trigonometry, Logarithms, and the plotting of Graphs. 

These phases of mathematics an* introduced in an interesting 
manner, by methods shorn of much unnecessary philosophising 
and explanation. 

The scholars initiative is brought into play and 
strengthened, whilst his interest is maintained throughout. 
Thus, in Algebra, only those parts of the subject that will be 
of use to the scholar in his everyday business life are included. 
Trigonometry is approached on practical lines (Book 11), by 
means of instruments made by the scholars themselves (sex- 
tants, angle boards, etc.). By the aid of this simple and 
inexpensive apparatus, the pupils make their own observations, 
and tabulate their own data for future use. Examples are 
included of observations on the sea coast, on elevated land, 
and on a level country. 

Formulae and Equations are taught by means of Eight 
Principles and Truths (Books II. and III ), which enable 
a child to use most formulae at an early stage. 
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PREFACE 


The setting out of the Chapters and Examples have been 
done with a view to individual work, the teacher allowing the 
scholar* to proceed at their own pace*. The worked examples 
are consequently more numerous than is usual (there are in 
the three books 250 worked examples, and 780 examples for 
the pupils to work), thus allowing the child to learn for himself 
under the guidance of the teacher. 

The three hooks are profusely illustrated with drawings, 
graphs, and photographs, and are comput'd from the writer's 
personal experience in teaching the subject in various parts 
of the country. 

It is hoped they will meet a real need in the advanced 
education of the child from eleven years to fifteen years — 
one of the most important and urgent matters before 
teachers and administrators at the present time. 

Acknowledgement* art' due to the members of my staff for 
help in checking the examples, and to Mr. J. F. Slim, B.Se., 
and Mr. M. N. Leitch (Superintendents respectively of the 
Science Laboratory and Handicraft Centres adjoining the 
School) for their co-operation. 

The photographs are by Mr. C. H. Wake. J. O. W. 

St. Thomas's C.K. School, Gramvilije Street, 

Birmingham, January, 1927. 
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ARITHMETIC 

DECIMALS — REVISION 

As many of the examples in this work will require the use of 
dmm&ls, and necessitate a sound knowledge of the o|M*rations 
of multiplication and division of decimals, it has lieen con- 
sidered advisable to include a short revision course in these* 
two rules in Book I. This will give an op|w>rt unity to the 
pupil of strengthening any weaknesses in these often forgotten 
rules. 

It is assumed that the pupil understands that -5 j B 0 ; that 
•53 =5 tenths * 3 hundredths or 53 hundredths, and so on. 

Also, that if we multiply the 3 hundredths by 10. we obtain 
3 tenths, and if we multiply the 5 tenths by 10 we obtain 
5 units. 

Thus -53/ 10 5 3. 

This is equivalent to moving the decimal point owe place 
to the right . 

If we now multiply this 5-3 by 10, we obtain 53* . 

And, as 10 x 10 » 100, the result is the same as 
•53 / 100 = 53- . 

This is equivalent to moving the decimal jwint tiro place h 
to the right. 

In multiplying by 1000, we move the decimal point three 
place * to the right. 

Division being the reverse process of multiplication, if we 
divide by 10, 100 or 1000, we move the decimal point me , tiro, 
or three places to the left . 
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MULTIPLICATION OF DECIMALS 

There; Is a very useful principle in connection with multipli- 
cation of decimals, which should Ik; mastered at this stage. 

If we multiply any number by a units figure (i.e. less than 
10)* the |K)sit ion of the decimal point in the product is directly 
tinder that in the multiplicand. 


Example. 27-35 x 7. 


27-35 
7 

191-45 


Similarly, if we multiply 27*35 by 7-2 : 

27-35 

7-2 


191-45 

5-470 


190-92 

As 7 is the more important digit, we multiply by that 
numlKT tirst ; and as 7 is ji units figure, the position of the 
decimal ftoint is easily fixed. When we multiply bv -2. however, 
the result is ,* fl of what we should have obtained had we 
mult iplttni by 2. Hence by our previous rule, every figure in 
the pnKluet must 1 m- moved one place tft the right (this is equiva- 
lent to moving the dtcimal point one plan to the left). 

When, therefore, we multiply one number by another, it is 
expedient to rewrite t he multiplier, so that there is one units 
figure to the left of the decimal point. 

Example. Multiply 73-65 by (Mi. 

Rewriting, we obtain : 

•7305 x 3*0. 


Note. As we have multiplied *036 by 100, and dimded 
73-65 by 100, we have not altered the value of the product. 


. 73*65 *030 x m 
' ■ '100 * 1 


73-65 x -036, 


as the 100*8 cancel with one another. 
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Proceeding with the ex- 
ample, we obtain : 

•7305 

:h» 

2-2095 

•441110 

2 05 1 40 


Examplk. 106-34 x '(MM) $5. 
He writing , we obtain : 

•010034 

8-5 

0S5072 

53170 

•0903890 


DIVISION OF DECIMALS 

Before working examples in Division of Decimals, the 
student is advised to grasp the following principle : 


400 

-200 

12 

3 

, 40 

20 

12 

3 

« 4 

o 

120 

30 

•4~ 

... .*> | 

12(H) 



If we multiply or divide th»‘ dividend and dinsor by the same 
number, we do not alter their quotient. 

Examplk. Thus, in dividing 3S-W3 by 2704 , we rewrite 
the exam pit 

-3S4M ; 2 704. 

In dividing by a units figure, the jswition of the decimal 
point in the quotient comes directly over (or below) that in 
the dividend. 

•13915 

2-704 ) -38403 
2704 

10823 

8292 

25310 

24870 

4340 

2704 

15700 

13820 

1940 
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Example. *0rW -936 4. 

Rewriting, we obtain : 

•0000810 
0-304 ) *00070500 

Note the four ciphers 
after the decimal point in 
the quotient, and how 
easily we obtained them 
by this method. 

APPROXIMATIONS 

By adopting the unit# figure method in multiplication and 
division of decimals, we cun approximate the result to the 
first or second figure of the product or quotient, and also give 
the place mine# of these figures correctly. 

This constitutes a valuable asset to the practical worker, 
and makes the adoption of this rule of first importance. 

Another valuable asset is that of being able to approximate 
a result Indore actually working the example. 

Thus, tin* example 8*9 \ 9-1 to the casual observer and 
worker, might apj>eur to In* S\!l 72 ; but a closer inspection 
tolls him that H P ap} »roaches as near to 9-0, as 9*1 is in excess 
of 9*0, and that the product will be approximately that of 
9x9 81. 

In the example : 274t’>4 tons a £1 18s. (id. jht ton, the 
result cannot possibly reach £550. as that would mean £2 jter 
ton . An expert observer will approximate his answer at about 
£530, He swiftly calculates 275 shillings - about £14. and 
reckons £7 for the 275 sixpences. I bis gives a total of £21, 
which, taken from £550, leaves about £530. (Note. £1 18s. (id. 
is Is. (id. short of £2 ; and 274*64 tons approximates 275 tons.) 

The student is strongly advised to examine all his examples 
in arithmetic and mathematics closely, before working them 
accurately, and endeavour to give approximate results in each 


74912 

15880 

9364 

65160 

50184 

8976 
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case. The practice will be its own reward, by making the 
student expert in giving a rough cheek to his working. 

NEAREST DECIMAL 

The Practical Engineer rarely finds it necessary to bring out 
his answers and deductions to more than four decimal place's. 
He may only require the result to /in o decimal places, but in 
either case, he prefers to have the nearest fourth decimal pl&e* 
or the nearest second decimal place*. 

To assist in these calculations, a rule has been devised as 
follows : 

If an answer of two decimal places Ik* required to the nearest 
second decimal , we bring our answer out to three decimal places. 
If the third decimal place bo 5, or a number greater than .5, we 
add ] to the second decimal place. If the third decimal place be 
a figure less than fi. we leave the second decimal place unaltered . 

For four place decimals to the nearest fourth decimal , we bring 
our answer out to five decimal places, and then proceed in a 
similar manner to that stated in the above rule. 


Thus : 

•3172a =■ *3 to the nearest 

tirst decimal place. 


•32 

second 

»» 

,, 


•317 

third 

M 

t * 


- *3173 

fourth 


« t 

Also 


first 


, , 


•70 

second 


* » 

Note. 

r 3!41f>%2r> 

*3-142 

third 


»» 


3*1410 

fourth 

• i 

»♦ 

Note. 

Metre ~ 39-3708 inches 

39 37 

second 

* t 



39-371 

third 

i » 

»# 

Note. 

•A * &m... 

- 97 

second 

* t 

»* 


- W7 

third 

M 

»» 

Note. 

•23 i -23111... 

- -23 

second 

• f 

n 


- -231 

third 


t» 
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MULTIPLICATION AND DIVISION BY 
CONTRACTED METHODS 
(a) Multiplication 

The following is a method of finding the product of two 
numbers to a given degree of approximations : 

Example. Multiply 86-954241 by 72-069543 true to two 
places of decimal s. 

Take one of the numbers as the multiplier, say 72*009543. 
Evidently the last of the digits in the multiplicand which can 
affect the third place of decimals is the second 4, for it repre- 
sents jffnoon and the maximum value of any digit which 
multiplies it, is 7 x 10, giving a product of or *0028. 

It is, however, more convenient to consider the 2, which 
represents lO.OOOths. and the 7 which represents tens, as 
producing a product of 1000, which is the denomination of the 
third place of decimals. The effect of the 4 can l>e allowed for, 
by an addit ion (if necessary). We now proceed as follows : 

Place the digit of maximum value in the multiplier under 
that digit in the multiplicand, multiplication by which will 
affect, one place licvond the last decimal place required, and 
write the other digits of the multiplier in a reverse order as in 
the example Mow. When the multiplication by 7 has been 
completed, strike out the 7 and 2. and proceed to multiply the 
4 by 2. Then strike out the 4 and the* 2 and of course the 0 
and 5 and proceed with the* f> and 9. not forgetting to carry 3 
from the product of 0 and 5. Now strike out the 0 and 9 and 
proceed with the 9 and 6, not forgetting to carry S from the 
product of ft and 9. Strike out now the 9 and 6 and proceed 
with the 5 and S, not forgetting to carry 3 from the product 
of 5 and 6. The 4 will only affect the result as regards the 3 
in the third decimal place and is obtained bv carrying it from 
the product of 4 and 8, whilst the 3 does not affect the answer 
a* all* 86*951211 

3459 6027 
6086*796 
173 908 
5 217 
782 
43 
3 

6266*749 
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The position of the decimal point in obtained by rememl)cring 
that the 7 tens multiplied bv the lft0 - 00ll given a* result of three 
decimal places. Thus, by counting three places from the right, 
we obtain this position, which is Mween the 7 and the 6. 

0 >) Division 

Example. Dinde by V>47. 

Here is the ordinary method on the left. All figures below 
the line AB, and to the right of the dotted line, are unnecessary ; 
hence the merit of the method on tin* right-hand side in which 
we do not add O s, but cut off figures in the division. 

1547 ) 5623 ( 3634 77 etc. 1547 ) 5623 ( 3635 


4641 


4641 

982 

0 

982 

928 

2 

928 

53 

80 

54 

46 

41 

441 

7 

390 

8 


.s« B 

8 

1 

2020 


1 

0829 



11910 

10829 



1081 



Note. In multiplying by the figures in the quotient, we 
must not forget to add on figures carried forward in the same 
manner as we did in the contracted multiplication. 


1. MISCELLANEOUS EXAMPLES ON DECIMALS 


1. *075 +- -34.7 4- *008. 
3. *2.7 -3H.7. 

5. 02.7- 01 
7. -384 - -45 + -265 
9. 137 + 043 - 055. 


2 . 

4 

6 . 

8 . 

10 . 


•17.7 

97.7 

•H7.7 

■003 

9 


3 


. *02.7 4 
•0H.7 
•043 

•2 * 190 
009 


11. Find the aum of 105-706, 98 005, 309-294, 256*07.7 and 1 10 .7, and 
take the remilt from 1000. 
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45. How ninny times w *6875 Ih.s rontuined in 119*025 lit h ? 

46. A certain elan* of goods eosts 1*875 shillings l>er lb. How m&ny 
Urn. cum l>o purclmarxi fo £2**175 ? 

47. How often ran 2*35 pint* of licjiticl In* taken from a <aak holding 
9*4 gallons ? 

Kind the quotients to the near tst fourth decimal jtlace : 

48. 850 725 r 96*4. 49. -00875 .-*07113. 50. 7465*0- 428. 

51. 213*3549 >20*7. 52. 18*7295.-9*7. 

Rewrite* the following decimals to the newest third decimal place : 
53. -0074. 54. *31614 55. 71265. 56. *00897. 

57. *00123. 58. *049870. 59. *32768. 60. *00096. 

61. *24675. 62. *16972. 63. *00437. 64. *(>6823. 

Find tlie product* to the nearest fourth decimal place : 

65. 8*56102 x 5*6039. 66. 589*0067 * 3*1008. 

67. 7*043 x *8584. 68. 17-649 *■ *86742. 

69. 121-642 x9-4863. 70. 73 647 x66 38. 



MISCELLANEOUS EXAMPLES ON DECIMALS 9 

Find the quotients to the nearml fourth decimal place : 

71. 6-4284-84-32. 72. 7-S62---9-342. 73. 10-584-0-427. 

74! 89-6454-70-42. 75. • 1004 5-782. 76. 5-3064 -0068 

77. fi-784 x 8-5fi Answer to the nearest penny. 

9*87 

78 The sum of £936 10s. 4d. is to be divided amongst 29 persons 
What is (a) the greatest amount each person can receive, if all receive 
alike, calculated to the nearest penny? 

(/>) What amount of money will he loft over after such a division ? 

79. State approximately what 150 loads each containing 3 tons 
17 cwts. will weigh ? 

80. What is an approximate cost of 199 articles at 10s. Id. each ? 



ALGEBRA 

Arithmetic deals with numbers, which stand for definite and 
unchangeable values, in whatever examples they are employed. 

Algebra enables us to work with symbols (which are mostly 
the letters of our alphabet, a , />, c, .r, y, 2 , etc.) in addition to 
numbers, in the solving of problems. Each of these symbols 
may stand for a different number or value in different examples ; 
but in the same example, each symbol must stand for the same 
number or value. 

Hi us. we may /** told that a steamer sailed 20 miles in the 
first hour, and "a miles in the seeond hour. If we are 
further told that the steamer sailed oO miles in these two hours, 
we can ascertain easily that “ a " 24 miles. 

Again, we may be informed that a man earned £(» in the 
first week that he worked, and £/i in the seeond week. If we 
are further informed that the man earned £14 in the two 
weeks, we readily see that “ in this example, equals £H. 

We thus note that the symbol “ a ** has represented two 
different values: (1) 24 miles in the first examjdc. and (2) £8 
i» the second exam pi <. 

In other example's, the sytnltol 11 a ” may stand for still 
different values. The point to rememl>er, however, is, that in 
the same example, each symbol must stand for the same value. 

Besides the symbols, which are represented by letters of the 
alphabet, and called literal symbols, we employ others, which 
are called symbols of operation. These latter are merely an 
easy form of shorthand, and instruct us to perform certain 
arithmetical operations. 
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ADDITION OF SYMBOLS U 

Many of these symbols will be familiar. 

Thus + means plus or add. 

- means minus or subtract, 
x means multiply, or find the product, 
means divide, or find the quotient, 
means therefore. 

= means equals. 

= means identical to. 
s/a means the square root of a. 
ija means the cube root of a. 
fi~ 6, or a : b , or a/6 means a divided by b. 

a x 6, or a . b, or ab means a multiplied by b. 

v ; a 2 means the cube root of a 2 . 
a > b means a is greater than b. 
a < b means a is less than b. 

ADDITION OF SYMBOLS 

We can a rid together like literal symbols, nnd ascertain 
their total, but vve cannot add utifib literal symbols together. 
Thus, if we have the terms 4a and 6a (which mean I times 
the value of “a,*' and (i times the value of "a " respectively), 
we can say that the sum is 10a ; just as we can sav t fiat the 
sum of C) milts and 4 miles is 10 miles. 

We also know that if a }K*rson who has £.**. earns i>, and 
afterwards spends £2, the final amount in his j>oh, session is 111. 
This is equivalent to the expression 5a ♦ 8a 2a 11a. 

Take another example : A }K*rson who has £0, earns £4. 
ff this £10 represents all that the person iHWiscsses, and he then 
contracts a debt of £12, it is obvious that hi* is £2 short of the 
payment. In other words, he will have to earn another £2 
before he can pay the debt in full, and which will then leave 
him without any money. This is equivalent to the expression, 
6a + 4a -12a- -2a. 

From these examples, we see, that to find the sum of lib 
literal symbols, we add together (1) All those* with a plus sign 
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befon* them ; (2) All those with a minus sign before them ; 

(3) Take the smaller number from the greater ; and (4) Place 

the sign that is before the greater number, before the answer. 

Example. Find the sum of M + 7d -Od + 3d - 5d. 

(1) +frl + 7d + 3d ~ +15d. 

(2) — (id — 3d = - Ilrf. 

(3) Difference between Iod and lid = id. 

(4) Sign before the greater number is pins. 

/, Answer = + 4d. 

Example. Find the sum of Vhj -2Sy + lOy + 2y -18y +6y 

( 1 ) 1 % + 1 0// + 2 ;/ 4 - (>;/ = 4 - 34;/. 

(2) - 28;/ - 1 8;/ - <>;/ - - 55;/. 

(3) Difference l>etwoen 55;/ and 34;/ = 21;/. 

(4) Sign before the greater number is minus. 

Answer - 21y. 

Note. We cannot add together 5a and 6d and say the result 
is 11a or lid or Had or 11 da, any more than we can add to- 
gether Seats and 6 dogs and say the result is 11 cats or 11 dogs ; 
or £5 and 8 shillings, and say the result is £13 or 13 shillings. 

We art' sometimes asked to find the sum of a long string of 
terms, in which the same literal symbols recur, as for example : 

Kind the sum of : 

5 <i 4 tib - 3 a ‘ 2r - 4 h 4 la - 18c + 5r - 2a - 3a 4 10b. 

The student will note that the symbols 44 a,*' 41 b,” and 44 c M 
recur. 

In working this example, we deal with it as three separate 
o}H‘rations. the first dealing with the symbol “ a/’ the second 
dealing with the symbol 4 * b,” and the third dealing with the 
symbol ** c.” 

The symbol ’* a." 

(1) 4- 5a 4 - 7a « + 12a. 

(2) - .‘k? - 2a - 3a « -8a. 

(3) Difference* l>etwecn 12a and 8a ~*4 a. 

(4) Sign before the greater number is plus. Sum * 4- 4a. 



ADDITION OF SYMBOLS 


13 


The symbol “ b.” 

(1) + tfM lOft 

(2) - 4ft ~ 46. 

(3) Diflfcrence between 106 and 46 - 126. 

(4) Sign before the greater number is plus. Sum * 4 12b. 

The symbol “ c " 

(1) f 2c t or t 7r. 

(2) - I Sr I Hr. 

(3) Difference between 7r and ISr Hr. 

(4) Sign before the greater number is minus. Sum 11c. 

the total result 4a * 12b - 11c. 

This process is a protracted and tedious one, and i* only 
included in the book for the pupil to visualise the various 
stages of the working. When these have lieen thoroughly 
mastered, the example may be set down in the following 
manner : 


(a) 

(M (r) 

t .V/ 

• 06 

-:ki 

+ 2c 

- 

- 4 6 

-f 7a 

- ISr 


t or 

- 2a 


~3a * 

106 


4 <i * 126 -llr 


This setting down can 1** abbreviated still further : 

(a) (6) (r) 

+ ;Vi + 06 f 2r 
-3a - 4/; - lHr 
+ la + 10// ■* or 
-2 a 
-3a 

+ 4a + 126 - 11c 
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The student now can take each column separately, doing 
the four steps mentally. 

Note. The above abbreviated process is known as that 
of collecting like literal symbols together. 

This means that the a’s, the b’s, and the c’s are collected, 
each in its own vertical column. 

2(a). EXAMPLES IN ADDITION 

Add together : 

1. 3r 2y ; 4 x 4 7y ; 2-r 4 3y ; x - f>y. 

2. 1 W>* 4 7 c 2 ; - 36* f 4 r* ; 6 2 +r ; 46* - 12c*. 

3. n 4 b ♦ c ; 3a 4 '2b 3c ; - 4ft 4 76 - c ; 26 4- 5c. 

4. r - y - : : y - r - : : z - x - y: x 4 y f r. 

5. 3a* - 4a6 -*• 66* ; 7<i6 - a 2 6 2 ; 2a* - 3a 6 - 46* ; 4a* + (lb - 6*. 

6. 2r 4 ** 7 / 8 * 3 ; - 4.r* «.r* 2.r 4 7 ; x* - >x 2 - 4.r ; fir* - 9r - 12. 

7. 2«* 4 7a6 ♦ 36* IW# .76 2 ; n 2 4 3« - 26 + 9 ; 9a6 - 2a - 36 + 4 ; 

- 3a* 1 2a6 36* ♦ ,7a . 106 1.7 

8. .r* - x s if - r*: < ry* - ry; t r; 2 ; r*y -ry* - rye 4 y 3 - y*i 4 yz* ; 

rV - ry; r; * ♦ y*; y; 3 < : J . 

9. r # 4 r*y* * *y ; r*y r*y* ry* ; y* - ry* > r 2 y*. 

10. a* f#i6* t ac* . 2a 2 6 2a V 2a6c; «*6 ♦ 6* * 6r* *- 2a6* - 2a6c -26*c; 
«*f +6V +■ c* * 2a6c 2ac 3 26» *. 

11. r 4 ~ ry* 4 r; 3 ♦ 3r*y ♦ 3r*; ; 3r*y* *• 3r*;* * 3ry*: ; - 3ry; J - flr*y; ; 

y* r*y * 1 /:* ♦ 3r*y* 3r s y; : 3ry* 3ry:* 3yV 4 3y*; 3 4 (iry*; ; 

: 4 4 r*; - y*; 3r*y; ♦ 3r*; a ; 3ry*: ♦ 3r;* - 3y*;* - 3y;* - tiry;*. 

12. a 4 -u*6 «* 3a*c* 4116V 3a6c* - 6V ; 
a*6 - a V ♦ 3a6e* 3ar* ■ 6*r* 4 6V ; 
aV - aV 4 3ac* -- 3ar*</ 4 6V* 6V</ ; 

- a 4 4«*d - 3«V* 4 3 ac s d - a6 8 c 6V</. 


SUBTRACTION OF SYMBOLS 

If a motor car travel 40 miles east, and then a further 
50 miles »» the same direction, the total distance that it has 
travelled from the starting j>oini is 90 miles. 

If a second car travel 40 miles east, and then 50 miles 
in the reverse direction (i.r. west), it will not have travelled a 



15 


SUBTRACTION OF SYMBOLS 

distance of 90 miles east from the starting point, but will, in 
fact, be 10 miles to the rear of it. 

In other words, whilst the first car is 90 miles east of the 
starting point, the second car is 10 miles to the west of it. which 



To the West ^ 

. . i ... 

To THE KAST 



40 

i i 

10 x 

1 

•10 


IMl 

miles 

miles | 

miles 


null’s 

cast 

west 1 

cast 


east 



Flo. 1. 



means that its distance 

east is a negative 

10 miles. 

The 


distance between the two ears is 100 miles (see Fig. 1). 

From this data we can ascertain certain rules for subtraction. 

(1) The first car travelled 10 miles east and then completed 
the full 90 miles to the east. 

The difference between 40 miles east and 90 miles east is 
50 miles east. 

This is equivalent to saving, that the difference between 
i 90 m. and f 40 m. 4 50 m. 

(2) The second car completed its journey 10 miles hi hind 
the starting point , which is a negative 10 mites east . 

If the second car were to travel over flic distance separating 
it from the first car, it would travel in a jmsitive direction (to 
the cast) for 100 miles. 

We can, therefore, say that the difference between 
+ 90 m. and 10 m. - v 100 m. 

If, however, instead of this taking place, the first car had 
travelled the intervening 100 miles in a negative direction (to 
the west) to the second car. it would have illustrated that the 
difference between 

- 10 m. and + 90 m. - - 100 m. 

Let ua assume for a further example, that the two cam are 
together, 10 miles behind the original starting point, that is 
10 miles to the, west , or a negative 10 miles to the east. If the first 
car travel another 30 miles to the west , the two cam will now' 
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be 40 miles and 10 miles respectively to the west of the start- 
ing point, or a negative 40 miles, and a negative 10 miles east 
res|>ectively. The distance of the first car from the second 
car is obviously a negative 110 miles , which means that the 
difference between 

- 40 m. and - 10 m. « - 30 m. 

The distance of the second car from the first car is, however, 
plus 30 miles, because the second car is 30 miles to the east, 
or 30 miles in a positive direction from the first car. This 
means that the difference between 

-10 m. and - 40 m. 4 30 m. 

Lot us tabulate these five results in subtraction : 

(1)4*90 m. (2) -f- m. (3) - 10 ni . (4) -40 m. (5)- 10 m. 

4*40 m. - 10 m. + 90 m. - 10 m. -40 m. 

+ 50 m. 4 100 m. -100 m. -30 m. +30 m. 

If we examine these results carefully, we shall see. in eac h 
case, that had we changed the signs l>efore the five l>ottom 
quantities, and then proceeded as in addition , the five results 
would be unaltered. 

Wc therefore learn this rule for subtraction : 

Change mentally all the symbols of operation in the bottom 
quantity, and proceed as in addition. 

Hxamplk. From 6a + oh - 7c 4 lOd 
Take - Sa + 26 - 6V + 7d 

La*! us consider each syml>ol in connection with the motor 
ears. 

The difference between (w/ and - .Vi is equi valent to that of 
the distance between one ear going 6 miles east, and the 
second car going 5 miles west, m . +11 miles. 

The difference between +56 and 4*26 is equivalent to the 
distance between the two ears, w hen one has travelled 5 miles 
east, and the other 2 miles east, i.c . +3 miles. 

The difference between -7r and - 6c is equivalent to the 
distance between the two cars, when one has travelled 7 mile's 
west, and the other 6 miles west, i.f . 1 mile west or - 1 mile east. 




EXAMPLES IN SUBTRACTION 
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The difference* between ♦ 1(W and ♦ 7</ is equivalent to the 
distance between the two oars when one has travelled 10 miles 
east, and the other 7 miles east, is. 4 3 miles. 

The total difference is therefore : 

•f 1 1 a 4 3b - c 4 3d . 

Example. From Mia 2 4 oh 4 fir 2 ♦ Mb I ikih 

T akr - /W * or 2 - da 2 ♦ bib lb 

The first step will lie to set the “ from ” line as it stands, 
and place the “ take ” line underneath with like symlK>ls under 
like symbols, thus : 

f l(if/ 2 ♦ .*>/> * Or 2 ♦ Uhl iV//> 

- (if/ 2 'lb • or 2 1 Hr/ * 4f//> 

■t 22f/ 2 t lb . r 2 * iJK// flfjh 

Example. From lUa * lib 7c * iSa 2 * I Tab. 

Take l ~»i * Mir 17a ( Ja 2 

Netting Mr symbols under Mv symbols, we obtain : 

t 1 Of/ ♦ IlV/ 7r * lSf/ 2 * 1 7f/^> 

- 17f/ • Hie Of/ 2 » I.W 

It will 1 m* noticed that there is no “ d " symbol in the 
‘* from ” line, and there are no * b " or ** nb " symbols in the 
“take” line These symbols consequently are alone in their 
resjieetive lines. 

The total difTerenee is therefore : 

* 36a . 12b 23c * 27a 2 t 17ab 15d. 

The only difficulty in the example is the * 15d being changed 
to - 15d in tin* answer. This change comes about because we 
are subtracting * 15d from zero or nothing. If 15d be taken 
from 15d the result is nil. If 15d lx* taken from 14d (or in other 
words, if a person incurs a liability of 15 pence w ith only 14 pence 
to meet it, his deficit or debt is 1 penny), the result is d 

If 15d lie taken from 2d,? the result is - 13d. and consequent ly 
if 15d Ik* taken from nil (or. in other words, if ajK*rsori incurs 
a liability of 15 pence with nothing to meet it, his debt or 
deficit is 15 pence), tin* result is - I5d. 

2(b). EXAMPLES IK 8UBTEACTI0H 

1. From tki * lb - 3^, takr 'la * .V/ - lr 

2. From Zr ~ 3 y - Hz, take ftr - 5 y - 2 z. 
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3. Take 5a* + 3ab + 4b 2 + 3a + 7b + 8, from 6a 2 + 36 s - 2a. 

4. Take 6o 4 +8 a*x* +x 4 , from 8a* + 6a*x 2 + 2x*. 

5. Subtract the sum of a 4 +2a 2 6 2 +6 4 and a 4 -2a 2 6 2 +6 4 , 

6a 4 + 8 a*b* + 66 4 . 

6. From x* +y* +z* - Sxyz, take 4a: 3 +y* + 4z 3 + 3a? 2 * + 3xy* - 3 xyz. 

7. From 3z 4 +3eur* -9 a*x* + a*x - a 4 , take 2a; 4 +4oa? 2 +4a 8 a; +a*. 

8. Take a* ■ 5o*6 + lab* - 2b*, from the sum of 2a* - 9a 2 6 + lla6* - 36* 
and b* - 4 ah* + 4 a*b - a*. 

9. Subtract a +6 + c +d, from e+f + g+h. 

10. Take a* 4 4a 3 // + 0a-*i/ 2 - 4xy * + ?y 4 , from a? 4 + 4x*y + 6 x*y* +4 xy* + 1 / 4 , 
and subtract the result from their sum. 

11. A<ld together the given quantities in the last example, and 
subtract the result from 3a- 4 + 10 r*y* +3 y*. 

12. Tuko «* + b 2 + c* + tab + 2 ac + 26c, from 2a 2 + 26 2 + 4a6 - c*. 

SUBSTITUTION 

The process of substitution of numerical values for the 
algebraical literal symbols is of the utmost importance in a 
study of Practical Mathematics, and will be found absolutely 
essential when the student deals with Formulae. It should 
l>e grasj>ed and mastered at an early stage. 

We have already found that a literal symbol can stand 
for any numerical value. 


Lot us suppose that a™ 3, 

b=4, c = 5, 


then, a -t 6 + r = 

3 + 4 + 5 = 

12, 

a + 6 - r -- 

34 . 4-5 = 

2 

a - h + c ® 

3-4+5 = 

4, 

a-b-c- 

3 - 4 - 5 = 

- 6, 

-a -h + c~ 

-3-4+5= 

-2, 

and so 0 / 1 . 


If .r=2. //»4. s~6, 
then 5.r=5x2 

= 10. 


7 // *7 x 4 

« 28. 


l\z - 3 v « 

-IS ; 


.*. .V + 7#/ 4 3r 

— 


10 f 28 4 18 

= 50, 


and a r 4 - 7y - 3: 



10 4 2S - IS 

= 20. 
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Example. Given tiiat m~3, n« -2, Jftid the 

numerical value of 7m 4 5n - 6p. 

Before proceeding with this example, we must consider two 
fundamental truths in connection with multiplication. 

(1) Like signs, multiplied together, give plus. 

(2) Unlike signs, multiplied together, give minus. 

This means that 

(1) plus x plus gives plus, 
minus x minus gives plus . 

(2) plus x minus gives minus , 
minus x plus gives minus . 

( 1 ) Thus, + 5a x ( + 4) sr 4 20a, 

and - 5a x ( - 4) 4 20a, 

(because like signs give plus). 

(2) Again, 4- 5a x( - 4 ) - - 20a, 

- f>a x ( 4*4) - 20a, 

(because unlike signs give minus). 

Returning to the example, we find that 
4 1m « ♦ 7 x ( 4 3) f 21, 

l-aH 4 5 x ( - 2) : ~ lo, 

- 0/; - - 0 > ( - A ) « f 3 ; 

f 7 m 4 5 w - 0/> 4 21 - 10 4 3 

14. 

Example. tVimi that a 3, -2, -4, d - - £ ; /ind 

the numerical ivilur of : 

1 5a// - Or// - Mr 4 It Mi// 

4 15a// « 4 15 > ( 4 3) / ( - 2) - 90, 

4 Or// = 4 Ox/ -4) y ( ~ 5) 4 120. 

(Note. 4 0 x ( - 4) gives *-24 ; - 24 ✓ ( 5) gives + 120.) 

- 8//r «-Hx(-2)x(-4) - - 04, 

4 10a// » + JO x ( * 3) x ( - 5) - 150 ; 

1 5a// 4 Or// - 8//r -*■ 10a// 

- 90 4 1 20 - 04 - 1 50 
* 4 120 - 304 

- - 1S4. 
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Example. When x- 2 , and ;/ ■- - 2 , find the value of : 


r l T + v ' r3 + ’f - + 1 

.r 2 f // 2 




... 4 4 N 'S - K - ( -24) + 1 

; t \ 

i + r> 

6 . 

Notk. Why 4 - ( -4) 8 ? (UemomlxT rulo for 

Huhiraction ) 


KxaMI'LK. Fifhl thr rain* of . 

a 2 h 41, Kir 
a 2 U)h • KKlr 
l • *4 • ! 

1 I I 

1 

1-3. 


. wlion *01 , 


2(c). EXAMPLES IN SUBSTITUTION 

If a 1, t> <■ 3, «/ O, #■ I, find tin* values of tho following : 


1. 

la 

• IV, 



2 

:w. . 7 »■. 



3. tWi » 4d. 

4. 

4r 

7* 



5. 

a • h * i 



6. tt - h * r 

7. 

h . 

<■ a 



8. 

a h 



9. 3<i * 7/; 4c. 

10. 

-O 

. 7./ 

► ,v 


11. 

7<i l»»f. . *J 



If r 

o 

• V 

X : 

4. tind tin* value* * *f 

tin* 

following : 

12. 

Hr 

- *7 

► :»v 

4.r. 



13. 

;ir 

4 v 3*/ ♦ 4 j*. 

14. 

It r 

7y 

4: 

. Sv ♦ 

5: • 


15. 

:t r 

7y 4: - >•/ 5c ■* Hr. 

16. 

.?■ 

,»/ * 

• r 

V ‘ : 



17. 

r 4- 

V - r ~JT v 

If a 

i, 

. l> 

:t. r 

o. ,i 

1. 

find tin* 

values of : 

18. 

tin 3 

* ;t/»- 

1 - fw 

,.3 



19. 

ab 

. (1C -*■ /w\ 

20. 

fx- « 

M ♦ 

of. 




21. 

n* 

* 3«*6 ♦ 3<i6 2 ^6*. 

22. 

n* < 

> b* -* 

r* 

3c|&* 



23. 


a* - c/* 

* ahi ^ad 1 + ii* 


c* . r*d *• 3of* * e/» 

* 6 s -36V+36r* -c*' 



FORMULAE 

One of the fundamentals in the study of Algebra, is to employ 
symbols, so as to make the statements of arithmetical rules 
as short and concise as possible. 

For example, the rule for finding the area of a triangle, 
given the base and the height, is, “ Multiply the base bv the 
height and divide the result by 2.'’ 

This rule is long and cuml>ersomo. though short in com- 
parison with other rules of mensuration. We must endeavour 
to state it in a more concise* form. Instead of multiply fry, 
vve can substitute the* symbol x : instead of the word Uier , 
we can substitute the symbol “ b ” ; instead of the word 
height, we can substitute the symtiol “ h ” ; and for the words 
divide by , we can substitute the symliol ;■ 

Our rule is now shortened into 

b y h ; 2. 

The symbol x is often replaced by a dot. thus, b . h , and 
is often omitted entirely, thus bh ; whilst instead of the 
symbol ; we can [dace a horizontal line lift ween bh and 2. 

Thus, the rule can now lx* written in its simplest form : ^ . 

and still convey the same meaning. 

If we introduce the symbol A to stand for Area of the 

Triangle , and place the symbol ** between A and ^ , we 
obtain : 
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Fia. 2. 

\'ott Ml - «». 


Exampi.k. Given S in*., find the area. 

Formula. A S-. 

A (4-5)* 

20 25 sq. inches. 

Note. If S 2 « A, then S N A. 

Example. Find the side of a square whose area is 14*44 
sq, inches , 

Formula . S - N ; A. 

- x'14-44 
* 3*8 inches. 

Note. It is assumed that the pupil has been taught the 
extraction of the square root. 




FORMULAE 


23 


To find the area of a rectangle , given the length and the. breadth. 
Rule . Multiply the length by 
the breadth. (Fig. 3 ) 

Formula. A~lb, 
where A = area of rectangle . 

1 = length . 
b » breadth. 


kio. 

N«»tk. f> > 2 


In. 


Example. Find the area of a rectangle whose length is 
10-4 ins. and the breadth is ins. 


Formula. A^lb 

- 10' v > :wr 

- 37 44 square inches. 

Note. 12-3*4; 

• i - 4 

and 3. 

If .4 lb. 

A . (Formula for breadth of a rectangle, 

• * / ” ; when area and length are given), 

. A . (Formula for length of a reef angle, 

b " ' when area and breadth are given). 


To find the total area of the four walls of a room . 

In the accompanying diagram (Fig. 4). the four walla of a 
room are shown in one line, as one huge wall. It will la* wen 



Pro. 4 . 


that the total length - twice the length of the room plus twice 
the breadth. 

L-2(+bl). 

the height (h) remains constant throughout. 

The formula is A -2h(l-b). 
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Example. Find the area of the four walls of a room, whose 
length is IT 9\ breadth is 9' 3\ and height is 12'. 

Formula. A= 2h(l+b) 

= 2xl2(15'9"+9'3") 

=24x2 5 

= 600 square feet. 

Example. The area of a rectangular field is an acre. If 
the length be 73 yards 1 foot , find the breadth . 

Formula. b. 

. 4840 n(|. yds. , 

" 7 3! yds. " D< 

66 yards -b. 


Example. Find the length of a rectangular courtyard \ whose 
area is 329 square yards , and breadth 13 yards 2 feet. 

Formula. ^ 7 1- 

b 

. 329 sq. yds. . 

I5:J yds. 

21 yards -1. 

The area of a triangle . given the ftase and the perpendicular 
height, has already been dealt with. 


Formula. 




FIO. 5 . 


Note. DAC**i ACDK. DBC » } BCDF. . DAB-\ ABFE. 




FORMULAE 


25 


Example. If the base of a triangle is 8 feet and the perpen- 
dicular height is 10*5 feet , find the area. 



8' x I O f/ 

2 


Note. If 
then 


- 42 square feet. 



2 A =hh. 

2 A , (Formula for perpendicular height , 
~ * given area and bane.) 

2.4 . (Formula for base, given area and 

8 ~ " jKTfK'/idieuJar height.) 


EXAMPLE. Find the perpendicular height of a triangle whose 
area is 5*52 square inches , and the fsise 4 0 inches. 

Formula. h - ^ 


5-52 h(| . inches x 2 
4*0 inches 

2-4 inches. 


EXAMPLE. The area of a triangular field is / acre 1(10 sq. 
yards. The perpendicular height is 80 yards. Find the bast. 



_ 5000 sq. yawls x 2 
80 yards 

» 125 yards. 


Formula. 



FORMULAE 


2 r> 


To find the rirr urn firmer of a circle , given the radius. 

Rule. Double the radius and multiply the result by 3} 
(designated r (pi)). 

Formula. C ■ - 2 y r y r, or 2nr, or 2rr. 



Examplk. Find the circumference of a circle , whose radius 
i* If. (r 31.) 

Formula. C * 2~r 

2 v 31 x 14 

88 inches. 

Noth. If f’-2 ~r ; 

r 

2r f * 

EXAMPLK. Find radius of a circular cycle track, which 
is 4 laps to the mile. (Obviously the circumference of the track 
= J mile.) (— 31.) 

Formula. r ^ 

440 yards 
2x3i~ 

440 yards 
6 : 

- 70 yards. 

To fitul the area of a circle, given the radius. 

Rule. Square the radius and multiply the result by *r. 
Formula . A^rr*. 



FORMULAE 
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Example. Find the area of a eirek , whose radius w 7" 

U=31.) 

A-irr 4 

- 3 1 v 7 > 7 

-- 154 sq. inches. 

Note. If A - rr 2 : 

- r 2 ; 


• «v! (Taking the square root on both 

V r sides). 


Examtle. Find the radius of a circular room whose floor 
space is 34 sq. yards L> sq. feet . (r 3 ] .) 


Formula. 


‘Vr 

308 wj. feet 
N 3i 

viw 


9-95 feet, or practically 10 feet. 

To find the length of the arc of a sector of a circle , r/m-w /Ae 
radius of the circle , and the number of dujrets in tin sector. 

Note. A sector of ft circle is the part enclosed by two 
radii and the are of the circle between them. 

Rule. Find the circumference of the circle, and ascertain 


x 

3b0 


of 


this result {x being the number of degrees contained 


in the sector). 
Formula. 


2rrx 

360 


or 



when* r » the radius of the circle, 

x = the numlsT of dcgm*a in the sector, 
r~3* or 3141b, 

360 or 180 - a constant. 


Note. 


2wrr 

■UUk 


2irr (circuvnfenw?* of rirrU’i 


r 

rtfiU * 
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Example. Find the length of the arc of a sector of a circle ol 
10" radius, the sector enclosing 54°. (7r = 3*1416.) * 



Formula. 


rrTZ 

180 


-i. 


(Nulwtituting) ‘ 10 x54 =/ . 

1 80 * 

3* 1 4 1 (> x 3 (cancelling) ; 

9-425 inches. 

f Noth. Another method in shown bv a knowledge of 
{ Radians (we Chapter on Trigonometry, Hook HI ). 

Note. If ™ /, l so/ . rrr, ,80/ , r . 


Example, h ind the n u miter of degree# in the sector of a 
circle, whose radtus is 'J J and the length of the arc of the sector 15", 

Formula. x ■= 

TT 


180 >. 15 
” 3! > 21 
2700 

SR 

(Mi 

«40° 55*. or nearly 41 



FORMULAE 
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To find the area of a sector of a circle, given the radius of the 
circle, and the number of degrees contained in the sector. 

Rule. Find the area of the circle and ascertain of this 

result (x being the number of degrees in the sector). 

Formula. jjj- A. (.Note. 


where the letters stand for the same as in the hist worked 
example. 


Example. Find the area of a sector of a circle of V>* radius f 
the sector enclosing 63°. (r ^ ;M4 1 (>) 



(Substitutin':) 


Note. If 


3-1 4 Hi > 15 > 15 , t>3 
urn 

123-7 square inches 


rr-x 


:m.l -irr*r. 

:mA 

rr 2 


Example. 
whose radii us is 
(* = 31.) 
Formula. 


Find the number of degrees in a vector oj a circl* , 
14 " . the area of the sector being SS sguarc inch ts. 


X 


360A 

rr a 


36t> ^ HH 
"31 / 14 , 14 

* 512" or 51 26'. 
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SIMPLE INTEREST BY FORMULAE 


Formulae for finding (a) the Simple Interest on a sum of 
money, (b) the time it will take for a sum of money to produce 
a certain amount of interest at a given rate per cent., (c) the 
rate per cent., given the time, the Principal, and the Interest, 
and (d) the Amount of Principal and Interest. 

Let P = Principal. 

I = Interest on the Principal, 
r = Rate per cent. 
n=Number of years. 

A = Amount of Principal and Interest. 


Then, the Interest (I) on £100 for one year is fir, 


and 


(I) on £1 




fir 

100 9 


(I) on £1 


for n years 


is 


£nr . 
100 ’ 


(I) on £P 


I 


Pnr 
100 * 


. £Pnr 
,fi 100 : 


Pnr- 1001; 


1001 
Pr ’ 


1001 
■ r_ Pn ' 


Example. Find the Simple Interest on £73 13s. 6d. for 
9 months at 4} fter cent. 

Formula. ^ = 100 

75-075 x -75 x 4-5 
“ 100 

= -75075 x 3-375 =£2 11». Id. 

[Note. 13s. 6d. = -675£ ; and 9 months «• -75 years.] 



FORMULAE BASED ON WORK OF THE LEVER SI 


Example. Find the amount of £6,50 for ,3| yearn at 
4\ per cent., Simple Interest. 


• 4 = ^ n - + ^ Froceed as in i lu> addit ion I 

' 100 1 of Vulgar Fractions. J 


Fnr + 100/ , 

100 

Formula therefore - ~~~j^ • 

Substituting, we obtain : 

«oO(HK) + (3J x41)) 
A = 100 * 
OflOMOO + li>J) 

100 

cwio > 1 1 r» j 

1 00 

-- 0-5 x 1 1 fr75 

- £752 7s. 6d. 


FORMULAE BASED ON THE WORK OF THE LEVER 

This is a simple meehanieal device to enable us to lift or 
raise heavy weights (henee the word ‘ lever." from I^at in 



W 

Kin r>. 


hmre « to raise*) with comparative ease*. The simplest form of 
lever is a crow-bar (Fig. 9), and the longer the arm, at the 
end of which we exert force, the greater the mass we can raise. 

This means that the working f sneer round a fixed axis 
increases, when the distance of the force from the axis is 
increased. 
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(i) If we take a bar of iron, 20" long, and balance it at F, 
we shall find that a 6 oz. weight, whose centre is 6" from F, 
balances a 4 oz. weight, whose centre is 9" from F (Fig. 10) 

6ozs F 40ZS 


Pig. 10. 


(ii) Trv a 3 oz. weight 8" from F, and a 4 oz. weight (on the 

further side) C>" from F, and we shall see that they also balance. 

In case (i), we found that a 4 oz. weight, placed 9" from F, 

balanced a 0 oz. weight placed b" from F. 

Xote. 4 ' U ( i ■ b. 

In case (H), we found that a 3 oz. weight placed 8" from F. 
balanced a 4 oz. weight placed fi" from F. 

Notk. 3 v X I • b. 

The* turning power is. therefore, measured by the product of 
the foree. and its distance from F. 

Those simple examples explain fully the principle of the lever 
and its action. 

Refer to Fig. 9. The load at fi represents the weight to 
bo raised, whilst the weight at A represents the pressure or 
effort to he exerted in a downward di net ion. 

F is a support called a fulcrum . 

The pressure (/*) at A, sufficient to raise the weight, will be: 
/* *(AF) \Vs{HF); r 

Xo n:. A F and HF in these examples do not mean .4 x F 
or H x F. They each represent one distance. 


Kxamh.k 
at li . if HF 

Formula. 


What pressure will he required at A to raise the uvight 
4 inches . .-IF -- >6’ inches . and the might -540 lbs.? 

p Wx(BF) 

(AF) 


540 ^ 4 

,K> 


- 60 lbs. pressure. 
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Example. A weight of 800 lbs. is resting on one end of a 
ver, the fulcrum of which is 3 inches from this point of contact, 
Yhat pressure must be exerted 4 feet from the fulcrum, so as to 
( tise the weight ? 


Formula. 


W x (BF) 
( AF) 


800 x 3 
48 


« 50 lbs. pressure. 


Example. The weight in a wheelbarrow is 9 inches from 
the axle of the wheel , whilst the handles are 2’ 9* from the axle. 
There is a weight of S8 lbs. to be raised. How much upward 
pressure is necessary at each handle to raise this Usui t 


Formula 


Wx (BF) 
(AF) 

88 x 0 

33 


- 24 lbs. on the* tun) handler ; 


12 lbs. upward preanure must hi* exerted on each bandit*. 


3. EXAMPLES ON FORMULAE 


Note. All Example** are to lie worked to the nearest eccorul decimal 
place. 


(a) The Square 

(intn the formulae : A =S a ; 8 y A 

1. Find A , when 5 ~2 i> in* 

2. Find A . when 5 3-8 ft. 

3. Find A, when 5 - ) a mile 

4. Find A, when 5 = 7 fur. 210 yd*. 

5. Find A, when 5 = 3 yd*. 2 ft. 5 in*. 

6. Find 5, when A = I acre. 

7. Find 5, when A =6# wq. inche*. 

8. Find 5. when A = 17 »q. yard* 6 *q. feet. 

9. Find 5, when A = 10 acre*. 

10. Find 5. when A = 156-35 aq. feet. 

W.M. t: 
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(6) The Rectangle 

Given the formulae : A =lb ; 1 =^; b =y . 

11. Find A, when 1 = 1-4 inches, and 6=6 inches. 

12. Find A. when l =2-8 inches, and 6 =3-6 inches. 

13. Find A. when / = 12 feet, and 6 =9*4 inches. 

14. Find A , when l =\ mile, and 6 =85 yards. 

15. Find A , when 1=5 - 35 inches, and 6=4-38 inches. 

16. Find /, when A =79-6 sq. inches, and 6=9-32 inches. 

17. Find A, when A =24 sq. feet, and 1 = 3 feet 2-7 inches. 

18. Find l, when A - 75 sq. yards 8 sq. feet, and 6 = 10 yards 2 feet. 

19. Find b, when A - 15 acres, and l=\ mile. 

20. Find /, when A -- 1 sq. mile, and 6 = 96-5 yards. 

(r) The Triangle 

Given the formula : A ^ . 

{Soha that 2.4 bh ) 

21. Find A, when h 7*8 inches, and 6 4*6 inches. 

22. Find .4, when h 29 yards 2 feet 3-f> inches, and 6 =20 yards. 

23. Find .4, when A j mile, and 6 5 furlongs 

24. Find A, when .4 77-6 sq inches, and 6 5-7 inches 

25. Find 6, when .4 48 sq yards, and A 5 yards 2 feet. 

26. Find A, when .4 15 acres, anti A 70*6 yards 


(d) The Circle. 

Given the formula for the circumference of a circle : C 2rt, and the 
formula far the radio* of a ci rr/r : r £ 

27. Find (\ when r 1' HF, and r 3i. 

28. Find (\ when r 25-7 inches, and r -3-1416 


29. Find (\ when r 10 yards 2 feet 1 inch, and r - 3$. 

30. F'ind r, when (' 11 foot, and r 3f. 

31. F'ind r, when (’ 89-7 yards, and w =3-1416 

32. Find r, when C 1 mile, and w =34. 


Given the formula for the area of a circle : given the radius A =rT*, and 


the formula for the radius, given the area : 



33. Find when r ~ 10) inches, and r - 3f . 

34. Find A, when r * 3 yards 2 feet 1-6 inches, and w =3-1416. 


35. Find 4, when r = 1 furlong, and r - 3-1416. 
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36. Find r # when ^4 = 15*01 sq. inches, and «- =3-1410. 

37. Find r # when A = 1 acre, and r * 3$. 

38. Find r, when *4 =79-01 sq. yards, and r =3*1410, 

39. A donkey is tethered to a )Kwt by a rope 14 feci long. How many 
square yards of ]>asture can he fcsxl on ! (r 

40. A bicycle wheel is 28' diameter. How many times will it revolve 
in a journey of 18 miles ? (r = 34.) 

41. The large driving wheel of a locomotive is 10 f«nd diameter, 
whilst the small leading wheel is T 9' diameter. How many more 
revolutions will the small wheel make than the driving wheel on a 
journey from Birmingham to London, a distance of 1 10 miles ? 
<r- 34*.) 

42. A circular tower is 18 foot in diameter What is the area of the 
ground that it stands on ? (ir 3*141(1). (live the answer in mj yards, 
«q. feet, and the nearest first decimal of a foot . 

43. The large finger of a clock is 13* long. How many yards does the 
extreme <xlge of the finger travel in a week of 7 days ? (n HI 4 Hi ) 

44. A steam roundabout is erected with a radius <»f I yards A boy, 
riding on one of the outer circle of horses, goes round 10 times for Id 
How far did he travel ? (r 34.) 


G in n the formula for tin Inujth of the an of a nectar of a circle : 


. 2*rx 
1 360 ' 


or 1 


irrx 

180 


(7T 31.) 


45. Find the length of the arc of a sector of a eircle, whom* radius is 
lo r* inches, the sector (-ontaining 54 » 

46. Find the length of the arc of a sector of a circle, radius 1 foot 

9 inches, and the numls-r of degr»s*s in the s<*ct or tie . 

47. A circular flowerd*ed is flivided into five equal ms-tors If the 
radius of the ls»d is 10 foot 6 inches, find the length of the outer edge of 
tiro of the sectors. 

48. Tlw* large tinger of a clock is 14* king How far does it move in 

10 minutes ? 


/ » 1801 

(nt'rn the formula : ^ X. 

49 . Find the number of degrees in the sector of ii c ircle whose radius 

is 15* and the length of the arc of the sector is 12*. 34 ) 

50. How many degress* does the large finger of a clock pass through 
in going 12 minutes ? 

Given the formula : A . (* 34.) 

51. Find the area of the sector of a circle, the radius l**ing 18*, and 
the number of degrees in the sector 56*. 

52. What is the area of one of the five sectors of the flower- bod 
mentioned in question 47 T 

53 . Find the area covered by the clock finger in question 48. 
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54. A goftt is tethered to a post in the centre of one of the fences 0 f 
a rectangular field. If the rope is 12 yards long, and is attached to the 
post on the level of the ground, how many square yards of pasture can 
the goat graze on T 

55. Suppose that the goat be moved and tethered to the post forming 
one of the comers of the same field, how many square yards of pasture 
can the goat now graze on ? 

Given the, formula : z = . (ir = 3f . ) 

56. Find the number of degrees in the sector of a circle of 3-5 inches 
radius, the area of the sector being 25 sq. inches. 

57. Find the number of degrees in the sector of a circle of 2 foot 
4 inches radius, the area of the sector being 600 sq. inches. 

58. A metal plato, 5J' x V, has a circular hole of 3' diameter, and a 



Fig. ii. 


rectangular one, 3{* x k", punched out of it. How many square inches 
of metal remain ? (tt - 31 .) 1 

59. Measure a halfpenny across, and calculate its circumference. 
(r 31416.) 

60. A triangular piece of wood, of 26" base and 28" perpendicular 



Fio. 12. 


height, has three circular holes, eac h V in diameter, bored through 
™ hat area of the surface of the board is left unbored ? (r - 31 ) 
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(e) The Lever 

61. A steel rod is balanced at the centre of its length on a triangular 
wedge. A 4 os. weight ia placed 6 inches from the centre. How far 
from the centre must a 3 os. weight be placed on the other aide to 
balance it ? 

62. On the same steel rod a weight of 6 or*, is placed 3 ins. from the 
centre. What weight must be placed 9 ins. from the centre on the 
other side ? 

63. A weight of 600 lbs. is resting on one end of a lever, the fulcrum 
of which is 3 inches from this point of contact. What pressure must be 
exerted 3J feet from the fulcrum, so as to raise the weight 7 

64. Tlie weight in a wheelbarrow acts 8 inches from the axle of the 
wheel, whilst the handles are 2' 9* from this axle. If there is a weight 
of 75 lbs. to be raised, what upward pressure must l>e exerted on each 
handle to do this ? 

65. A spanner 0" long requires a pressure of 56 list, to loosen a tight 
nut. What pressure must be exerted at the end of u 15' spanner 7 


(/) Simple Interest 

Pnr 

66. From the formula for calrulatiny Simple Interest : 1 find 

the Simple Interest on £700 15s for K years at 3 |*»r cent (to the nearest 
penny) 

67. Find the Simple Interest on £84 IOh. fkl. for 5| years at 41 |**r 
cent (to the nearest penny). 

cq si .lsj a P(100 + nr) 

68. (turn the formula : A * jqq 

where A - amount of Principal and Interest, 

V ~ Principal, 
n number of years. 

and r rate |«*rcont., 

find the amount of £520 for 6 years at 3] jwt cent 

69. Find the amount of £55 10s. 6d. for H months at 3 i**r cent, (to 
the nearest |s«nny). 

70. Find the amount of £550 10s 6d for 4 years at 3J per cent (to 
the nearest jrenny ) 



TRIGONOMETRY 

The word “trigonometry ” is derived from two Greek words, 
one signifying “ I measure,” and the other “ a triangle. 

The subject embraces a much wider outlook than that of 
mensuration, and by introducing a new method of measuring 
(hr angles of a triangle , the student is enabled to ascertain 
and determine hitherto impossible data. 

Then* are various ways of measuring an angle : 

fi) We can measure it in degrees, minutes and seconds, and 
say the angle contains 40 \ or 51° 30', or 36° 10' 12". 

(ii) We can measure it in radians, and say the angle contains 
7r radians. 

(iii) \\Y can measure it by 
means of so-called functions of 
an angle (the sine, cosine, tangent, 
cotangent, secant, and cosecant). 

These Functions art* called the 
Trigonometrical Ratios of an 
Angle. 

Let RAC l>e anv acute angle 
(Fig. 13). 

In *4/#, take any ixunt P ; and from P. draw PM. at right 
angles to .4(7. 

We have now constructed a right-angled triangle. A PM. 

If we consider the original angle BAC (or PAM) in this 
triangle, then PM becomes the perpendicular height, 

AM becomes the base. 

AP becomes the hypotenuse ; 



and 
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and it is the relation of these three sides, taken in pairs (there 
will be six such selections) to one another, that constitutes the 
Trigonometrical Ratios of the angle PAM % or BA<\ which we 
will designate angle A. 

We will now tabulate the Trigonometrical Ratios of the 
angle A . 

PM perpend icular 
AP hypotenuse 
AM _ base 
AP by jx) ten use 


= sine of A, written sin A. 
cosine of A, written cos A. 


^"^tangent of A. written Un A. 

AM _ haw> cotangent of A. written cot A. 

PM }x>rpcndicu]ar 

AJP _ hypotenuse , Mcant of A wriU(>n MC A . 

AM base 

™ ^ poteniisc C 08 ecan t of A, written cosec A. 

PM ]>erpendic!»lar 

If we consider the triangle PA M, as having A M « 4 units, 
PJ/=3 units, and A P ~ 5 units, then 


. m perpendicular 
sin A ~ , 

hypotenuse 

. base 

cos A - . 

Iiyfmtcn use 

* perpendicular 

tan A - 1 1 . 

base 

base 

00 ’ jierpendieular 

. hypotenuse 
sec a ® ■ * * 

base 

. __ hypotenuse 
~ nprcmdicular 


-1 6000, 

0 

8000, 

5 

- J * 7500. 

4 

! 1 3333... . 

1 2500, 

4 

*- 16666 ... . 
3 


Note. In memorising these Trigonometrical Ratios 
(which is most essential) the student will only require to 
remember the first three (sine, cosine, tangent), as the remaining 
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three ratios will be seen from the above table to be respectively 
the reciprocals (or inversions) of the first three ratios. 

Thus : cosec A is the Reciprocal of sin A, 

and sec A is the Reciprocal of cos A, 

and cot A is the Reciprocal of tan A ; 


cosec A x sin A = 1, cosec A * . * A , sin A = — - — r ; 

sin A cosec A 

sec A x cos A = 1, sec A- * ,cosA = * . . 

cos A sec A 

cot A x tan A * 1, cot A * : * . , tan A « [ . ; 

tan A cot A 

In the right-angled triangle PA M , we have, so far, considered 
only the Trigonometrical Ratios of the acute angle A. If we 
require those of the other acute angle, P, we must find them 
with the knowledge* that, although the right-angled triangle is 
the same, the side AM is no longer the base, neither is the side 
PM the perpendicular height for the angle P. Of the two 
silles containing the right angle, in any right-angled tri- 
angle. the side opposite to the angle, whose trigonometrical 
ratios wo require, is always the perpendicular height, whilst 
the other of these' two sides forms the base. 

Thus, AM becomes the perpendicular height, and PM the 
base, when finding the trigonometrical ratios of the angle P. 


Consequently, 


AM 

AP 

PM 

AP 

AM 

PM 

PM 

AM 

AP 

PM 

AP 

AM 


^-sin P, 
® cos P. 

« tan P. 


* cot P, 


*=secP, 

« cosec P 
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The three right-angled triangles AIt(\ DEF , and KMS 
placed in various positions, will afford the student much 
practice in naming the respective perjicndicular heights and 
bases for the six acute angles A. (\ />, F. K and .V. 



FiO. 14. fi«. i.v km* mi 


For example, AH is the perpendieular height and IK is the 
base of the right-angled triangle A IK \ when we are lindiug 
the trigonometrical ratios of the angle 

Those for the other tive acute angles should be ascertained by 
the student, who must master this rule, if he wish to sueeml. 
The sine of one acute angle is the cosine of its complement. 
In the right -angled triangle HAM (Fig. IT), the angles A 
and P are together equal to a right -angle ; 


P 



rw 17 . 

/. angle P is the complement of angle A, 
and angle A is the complement of angle P. 

(Note. An angle of 31 is the complement of an angle 
of 59°, because 90 - 59° - 31) 
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, . r irx 

Proof. Sin A 

PM 

cos P (the complement of angle A) >* 

sin A =cos P; and sin P = cos A. 

Similarly, we can prove that 

The tangent of an acute angle is the cotangent of its com- 
plement. 

Proof . In the right-angled triangle PAM, 

. , /M/ 

tan .4 « , 


and cot P (the complement of angle ^1 ) = ^ ; 

tan A cot P ; and tan P * cot A. 

We can also prove that 

The secant of any acute angle is the cosecant of its complement. 

Proof . In the right -angled triangle, PAM, 

i AI> 

sec,! A)r 

A P 

and cohoc P (the complement of angle A) =* ; 

sec A •--- cosec P. 

Tabulating all these proofs, for reference, we obtain the 
following : ^ ^ 

sin A *•- . , and cosec A ~ * 


• 1 1 
sin A «• * , and cosec A - . . * 

cosec A sm A 

o#,As ’*c 1 a- an<1 3MA= C0S 1 a 

UnA “cot 1 A' and 001 A= tan A' 

sin A - cos (90 - A) when A is an acute angle. 

cos A - sin (90 -A) 

tan A — cot (90 - A) „ ,, „ 

cot A « tan (90 - A) .. „ ,, 

see A -cosec (90 -A) „ 
cosec A»ssc (90 -A) „ 
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SIMILAR TRIANGLES 

If w c construct an acute angle PA.il, and drop a numlx-r 
of lines from AP each perpendicular to the base AM, thus : 
P,M„ 1\M Z , l\M 3 . etc. ; 



P,M, /*,.!/, P,M t 
.1 /*., .1 /*, ‘ 

and th<* cosine ratio 

.LI/, A M t AM, . I J / 4 
“ Al\ . 1 1\ A l\ . I / 4 * 
and so on for all the trigonometrical ratios. 

This is liecauso AP X M X% AP t M v etc are similar triangles, 
or in other words, the angles are equal, each to each, and the 
sides are proportional, each to each. 

The knowledge of the properties of similar triangles was 
made use* of by Thales, the mathematician, who lived from 
b40 B.c. to 5oO B.c. He visited Egypt, and showed the 
Egyptians how to find the height of one of the Pyramids. 

Method. OA BCD « pyramid. (Fig. 19.) 

CBF » shadow east by sun shining from the direction SO. 
OE * height of pyramid. 

OFE « altitude of sun. 

Thales took a rod O' E' of known length (say 4 units of 
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Egyptian measurement), and stood it vertically by the side 
of the pyramid. 

E'F' is the shadow of the rod cast by the sun. 



Kiu. lit. 

Angle O'F'E’ * altitude of sun **OFE ; 

. OE O'E 
*• EF^E'F 

But Thales found that the shadow E'F ' was equal to 5*5 
units, and that EF was equal to 150 units. 

(Notr. Thales could only measure that portion of the 
shadow represented by LF % but he knew that EL , the portion 
under the pyramid - i. 4 R, which he measured. and added to 
L F, thus obtaining EF = 150 units.) 

4 : 5-5 : : OE : 150 ; 

height of pyramid ~ * *- 

«>*> 

600 
~ 5 5 

=*109*1 units of Egyptian measure. 

The application of this proof Is very useful in finding the 
heights of towers, steeples, trees, etc. when the sun is shining. 
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Example. To find the height of a church tou*cr s when the 
*un 


Flu. JO. 

The shadow of the tower east by the sun is measured, and 
found to Ik 1 72 feet. A 20' pole drives a shadow of Is' ; 

.\ IS : 20 : : 72 : x. 

4 

°0 * 7 1 

Height of church tower ~ u 

- 80 feet. 

How to find the breadth of a stream by the principle of Similar 
Triangle*. 



AB and CD are the hanks of a stream, whose breadth (or 
is required by persons on the hank CD (see Fig. 21) 




46 


TRIGONOMETRY 


A stick, or other object, is placed at E, vertically opposite 
to a fixed point F, on the opposite bank. 

Another stick is placed at 0 (EG may be any reasonable 
distance). 

The distance GH is carefully measured exactly equal to EG 
(this is important). 

A distance is then stepped out, or measured, from H, in a 
direction at right angles to the bank CD. 

The measurement ceases at the point J, which is exactly 
in line with G and F. 

HJ is the same distance as the breadth (or width) across the 
stream from £ to F. 

Note. Not only are the triangles FEG and JHG similar, 
but they art* also equal in every respect. 

For examples of this class of work, the student must obtain 
the data outside the class-room. “ Imaginary streams ” 
marked out with chalk in the playground will serve this 
purpose. 


HOW TO USE A TABLE OF SINES, ETC. 

At the end of this lx>ok will be found a table of sines, cosines, 
tangents, cotangents, and radians, for angles, whose sizes range 
from 0° to 90°. The angles, lying lietween 0 and 45\ arc 4 
tabulated on the extreme left, and their sine, cosine, and other 
values are placed horizontally opposite to their respective 
angles, and under the words sine, cosine, etc. The angles 
lying between 45° and 90° are tabulated on the extreme right, 
and their sines, cosines, and other values, are placed hori- 
zontally opposite to their respective angles and over the words 
sine, cosine, etc. 

Examples. To find the trigonometrical t nines (or ratios) of 
(a) an angle of 29 °, and (b) an angle of 56°. 

(a) As the angle 29° lies between 0° and 45°, we find it tabu- 
lated on the left of the table, and its trigonometrical values 
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placed horizontally on the right , and under the words sine, etc. 
Thus, the sine -4848, the tangent « *5543, the co tangent 

l *8040, and the cosine = *8746. 

(/>) As the angle 50° lies between 45° and 90 , we find it 
tabulated on the right of the table, and its trigonometrical 
values placed horizontally on the left , and over the words sine, 
etc. Thus, the sine = *8290, the tangent 1*4820, the co- 
tangent = *6745, and the cosine - *5592. 

Simple proof showing that as an acute angle increases from 0 
to !)0\ its sine value increases from 0 to /. 

In the accompanying diagram (Fig. 22), the lines OP\ 01 y \ 
OP"\ QP"" , being radii of the are of the circle, whose center’ 
is () % are all c»qual to one another. 



It will be seen that they form in each caw* the hyjrotcmiHe 
of the right-angled triangles OP'M\ OP" M", OP St , 
OP"M"". 

Whilst the hypotenuse in each triangle does not vary in 
length, it is obviously clear that as the angles at O ( POM , 
P"OAl'\ etc.) increase, the length of the perpendiculars P M , 
P”M " , etc. increase, as they approach nearer and nearer to 

P Q. 

In other words, each succeeding perpendicular approaches 
nearer to the length of the hypotenuse. 
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As the sine of an angle 

perpendicular height 
hypotenuse 

it is obvious that the greater the length of the perpendicular 
height, the greater is the value of the fraction representing the 
sine value of the angle. 

Then,* are the two extreme cases to prove. 

1. In an angle of 0°, the hypotenuse OP (see Fig. 22) lies 
on the base OP. There is no perpendicular height. 

Consequently, the sine value of 0 

perpendicular height 
hypotenuse 

0 

~OP 

- 0 . 

2. In an angle of 90 u , the f>erpendicuiar height and the 
hypotenuse coincide as P""'() (see Fig. 22). There is no base. 

Consequently, the sine value of 90° 

j>er|H*ndicular height 
hypotenuse 

P <) 

P O 

I. 

The same illustration will prove to us, that as an acute angle 
increases from 0° to 90° . the cosine mlue decreases from 1 to 0. 

As the angles at O (P'OM\ P"OM’\ etc.) increase, the bases 
of the right-angled triangles 1h*coiiic smaller and smaller. 

Thus, QM"" is much smaller than OM*. 

Consequently, the fractional values of the cosines will 
decrease as the Itases decrease, for these bases form the 
numerators of these fractional values, which have in each case 
the same denominator (the radius of the arc). 

In these circumstances, the smaller the numerator, the 
smaller will be the fraction. 
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10. Without lining your table* of cosines, write down the sizes (in 
degrees) of the eight angles whose cosines are equal to those of the sine* 
mentioned in Question ft, 

11. Prom your table of cosines , find the angles (in degrees) whose 
cosines are : 

(n) *9994, (h) *9925, (r) -9819, (d) *9330, 

(c) *7547. (/)-«2 93. ((f) 104.7, (h) *0523. 

12. Without using your table of sin,™, write down the sizes (in 
degrees) of the eight angles whom* sines are equal to those of the cosines 
mentioned in Question 1 1. 

13. Prove that the eosim* of an acute angle is equal to the sine of its 
complement 

14. From the table of iatujrnt * , find the angles (in degrees) whom* 
tangents arc* : 

(ft) ~ -122H. (/>) *2 1 2l» t (r) -3057, (d) - •44.72. 

(0 -? 1*2799. (,/) 2*0.703, ( f /) •= 3-2709, (h) 9*3138. 

15. Without using the table of co-tangents, write down the sizes (in 
degrees) of the eight angles, whom* cotangents are equal to those of the 
tangents mentioned in Question 14 

16. Prove that the tangent of an acute angle is equal to the co- 
tangent of its complement 


M 



Flu. 23. 


17. Study the above three right-angled triangles, and write down 
lie names of the three right -angles 

18. In triangle numlier 1 , find out : 

(ci) Which is the base, when dealing with angle A ? 

(5) Which is the base, when dealing with angle f ? 

(c) Which is the perpendicular height, when dealing with angle .4 ? 

(d) Which is the perpendicular height , when dealing with angle (’ ? 

19. In triangle number 2. find out : 

(a) Which is the base, wlten dealing with angle .Y ? 

(6) Which is the base, when dealing with angle Z ? 

(c) Which is the perpendicular height , when dealing with angle X ? 

(d) Which is the perpendicular height , when dealing with angle Z ? 
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20. In triangle nutnlier 3, find out : 

(a) Which is the luimt , when dealing with angle M ? 

(h) Which is the ham, when dealing with angle ? 

<«*) Which is the perpendicular heuiht. when dealing with angle M T 
id) Which is the perpendicular heujht, when dealing with angle t) ? 

21. Construct a right -angled triangle AZi(' of which the sides .f/f and 
JU\ containing the right angle, are 'Y and 4' respectively. 

(a) Find the length of the hypotenuse*. 

(h) Find the value of the mine «»f the angle .1 
(r) Find the value of the lamp-nt of the angle (\ 

Id) Find the value of the com inr of the angle .4 

(c) Find the value of the Uuupnt of the angle .1. 

( f) Find the value of the com nr of the angle ('. 

('/) Find the value of the mint of the angle (’ 

22. Construct a right angUsl triangle XYZ of which the side* XY 
and YZ containing the right angle are If \ " and <»' res|MM*t ivel\ 

(a) Find the length of the hy|*oteiumc 

(h) Find the valvie of the nine of the angle A' 

(r) Find the value of the nun nr of the angle X 

(d) Find the value of the tawjrni of the angle 7. 

(#') Find the value of the cominc of the angle Z 

( /) Find the value of the tatupnt of the angle X 
(f/) Find the value of the mint of the angle 7. 

23. (liven that the mint of an angle is write down, without using tlie 
tables, the cosecant of the same angle 

24. (liven that the costae of an angle is g, write down, w ithout using 
the tables, the value of the meant of the same angle 

25. (liven that the tantjnd of an angle is J, write down, without using 
the tables, the value of the cotangent of the same angle, 

26. Prove by a simple diagram that as the value of an ncutr angle 
inert ames from 0' to 90 , the value of the ton? tncunmt* from 0 to 1. 

27. Provo by a simple diagram, that as tlwr value of an acute angle 
increases from 0 to 90', the value of the com nr drcrrnmtm from I to 0 

28. The shadow cast by a tower is 77 } feet, whilst that of a 6 foot ns i 
is .*» feet. What is the height of the tower ? 

29. The shadow cast by a lam p- nos t , 12 feet high, is lb} feet What 
is tlie height of a houm*, nearby, which casts a shallow of 30 ft 9 ins ? 

30. What will be the height of a tree, which casts a shallow of H6 ft. 
6 ins., when a 15 foot pole casts a shallow' of 13 ft 6 ins ? 

31. A church steeple is casting a shadow of 73 feet 6 ins. What height 
is tlie steeple, if a 20 foot flagf»ole, nearby, is casting a shadow of 17 feet 
6 ins. ? 

32 to 34. Do the examples illustrated by Figs. 19. 20 and 21, without 
reference to the solutions in the text. 



GRAPHS AND GRAPHIC METHODS OF 
SOLVING PROBLEMS IN MENSURATION, 
TRIGONOMETRY, AND ALGEBRA 

Till*: graphic representation of facts and figures has now become 
one of the most common experiences of our life, and there 
is scarcely a day that passes, in which we do not come in 
contact with graphs of some form or other. The daily pa|>ers, 
magazines, advertisements, posters, text -books, prospectuses, 
annual reports of societies, statements of accounts -to mention 
but a few- all call iti the* aid of graphs to present to the reader 
statistics and data in a simple and comprehensive manner. 

Tab an r.ra tuple : The temperature of a hospital patient is 
required at certain intervals by the doctor. The nurse in 
attendance does not make a tabulation of these observations 
in figures, but marks the rise and the fall of the patient's tern- 
}>erature on a sheet of squared paper, socially rtded for the 
pur} mimc. This pa]>er shows, horizontally, the days of the week 
(subdivided, if necessary, into hours), and. vertically, the 
rise and fall in the temj>eraturo of the patient. 

The doctor, on his visit, is thus able to see. almost at a 
glance, whether the temperature is rising or falling, and on 
what day, and at what hour. If a specially coloured line be 
drawn horizontally across the |>a|>er, at the degree of tempera- 
ture for a normally healthy person, the deductions drawn by 
the doctor will Ik* fuller and more useful still. The whole 
record *> clear on the face* of it. 

The various temperatures recorded on the squared paper, 

52 
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when joined together by lines, constitute a graph ; and the 
act of recording the observations, is called 41 plotting.” 

By means of sheets of squared pa|>cr. it is also |M>8sihlc to 
perform and solve in a practical manner, many mathematical 
problems in trigonometry, mensuration, and higher algebra, 
spewlilv and effectively. 

It is consequently ini|M>rtant and necessary that the children 
in our schools should lx> made acquainted with the use of 



Kid. 24, 


squared paper, and commence "plotting’* their own simple 
graphs, at as early a stage as possible. They may !>egiri with 
the daily attendances and the daily absence of the scholars 
in their own class, and plot them either on loose sheets, or, 
better still, in books made up of sheets of squared paper. 

These lKX>ks can now lx* purchased cheaply from most 
publishers, and are usually ruled in tenths of inches, Ijccausc 
of our decimal system of notation. Every tenth line, 
horizontally and vertically drawn, is ruled heavier than the 
intervening nine lines, so as to facilitate counting, and the 



*«¥»**» ***&»«» %t% 


54 GRAPHIC METHODS OF SOLVING PROBLEMS 

setting out of convenient scales. Every page in the squared 
paper book is ruled into about 90 small squares along 
its length, and into about 70 small squares along its breadth. 
If a child, therefore, counts the distance between each ruled 
line as one unit, he has sufficient space along the length of the 
page for more than two months’ records of attendances ( and 
absences), allowing for morning and afternoon school . i.e. two 
sets of records j)er day. The shorter edge of the page with the 
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BULLDOG PATROL 

Flo. 2f>. 

70 spaces will provide more than ample allowance for the 
daily attendances (and absences), as no class has now more 
than 55 on the liooks. 

The above exercises may l»e followed by the recording of the 
daily thermometric readings, the daily barometric readings, 
the daily rain gauge readings, and the daily maximum and 
minimum thermometric readings. In addition to each scholar 
making records in his own l>ook, a class may, with advantage, 
be divided into patrols or sections, each patrol or section being 
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resjxmsible for the plotting of one set of these observations 
on large sheets of squared paper, placed on the class-room 
walls. 

Figure 24 provides an illustration of such records, kept 
by the boys of Class 2 in the writer's school, and “ plotted “ 
by the various patrols. The “ Bulldog " |>atro| is held 
responsible for the thermometric readings, the “ Lion ** j»atrol 
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LION PATROL 
Fro. 2S. 

for the rain gauge readings, the 44 Kangaroo ” patrol for the 
barometric readings, and the ** Otter ” patrol for the wind 
Headings. Each patrol, furthermore, is rosjxmsible for the 
accurate plotting of the partieular set of records observed by 
that patrol. The graphs illustrated in Figure 24 are all for 
the same month. January 1926, and as the records for several 
preceding months of January have been preserved by the 
patrols, valuable comparison* and contrasts can be made. 
These are entered in the pupils' note-books. 
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Emphasis has already been laid on the fact that the scholars 
make the records, and plot the graphs from their own observa- 
tions — a most essential procedure, if lasting good is to accrue. 

Enlarged illustrations are shown in Figs. 25, 26 and 27 of 
three of the records plotted by the various patrols for the 
month of May 1926. 

Note. The patrols each consist of about 8 scholars — or 
l of the class — the occupants of 4 dual desks, this being the 
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KANGAROO PATROL 

Fin. i!7. 

depth of the class from front to hack. This is not, however, 
an arbitrary number, as each class should make its own 
divisions and jiatroK according to the circumstances and 
conditions prevailing. 

It is advisable for the children themselves to ascertain, by 
actual counting, the number present and absent each half-day 
in their own class. The two graphs can be shown oh the one 
sheet of squared paper quite easily. Other simple statistics 
will readily commend themselves to the teacher and scholar. 
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such as the total number of runs scored at each school cricket 
match during the season, and the total number of runs sconni 
against the school at each match. 

Children living at seaside resorts and seajKirts, can compile 
graphs showing the height of the tide at “ high water " and 
" low water" each day These tides can be recorded to the 
nearest foot, for simplicity, in the earlier stages of compilation, 
whilst at a later stage, the exact number of feet and inches 
can l>e recorded, when the planning out of scales is more 
thoroughly grasped by the scholars. 

An excellent plan is to allow each child to choose his own 
statistics, as this gives great scope for observation, research, 
and initiative. 


RIGHT-ANGLED TRIANGLE 

Another use of squared paper is to l>e found in connection 
with the right-angled triangle. 

Examplk. The sides containing the right angle of a right- 
angled triangle , are lb 6' inchi s and 21) inches, hind the htjjto- 
tenuse. 

The first thing to do is to fix on some convenient wale , 
say let evert! 5 small sguares represent an inch. 

Therefore, each small square *2 of an inch. 

Now IHi inches on the scale will extend the length of three 
of these* larger squares and three of the* smaller squares. There 
fore (as in Fig. 28) we set out the line Alt to the als»ve 
distance. In like manner, 2*5 inches will extend the length of 
two of the larger squares, and 21 of the smaller squares. 

Therefore from ft, we set out H(\ equal to this latter 
distance, and at right angles to Alt 

Join A(\ and we get an actual representation of our triangle 
to scale. 

We cannot judge the length of AC in its present position, as 
it lies crosswise* over the squares. We. therefore, measure its 
length, by com jesses, paf**r. etc., and then ascertain what 
this result is on one of the vertical or horizontal lines. 

This will be found to lie nearly 4*4 inches. 
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Example, The hypotenuse of a right-angled triangle mg 
inches, and the base = 4*8 inches. Find the height . 

By using the same scale set off (Fig. 29), the base All to 
represent 4*8 ins. This AB will, of course, extend the length 
>f 4 of the larger squares +4 of the smaller ones. Now, 
f»y the aid of compasses, mark from A an arc having a radius 
L'qual to 0 of the larger squares. 

From B draw BC at right angles to A B till it meets this 
arc. BC will represent the required perpendicular height, 
and will be found to be 3-6 inches. 


TRIANGLES 

Our investigations of triangles are not, however, limited to 
right-angled triangles when dealing with squared pa|x*r, as the 
following examples will indicate. 

Example. Two sides of a triangle equal 4 ft. and 3 ft. i\ ins. 
respectively. The angle between them is 00°. Find the length 
of the third side. 

Now 3 ft. 6 ins. =3*5 ft., which we shall work by. 

Using a scale in which 5 of the smaller squares (or one of the 
larger ones) =a foot, we commence (Fig. 30) by making a base 
A B to represent 4 feet. 

At A we set off A /> at an angle of 00 with A B. 

Now from A and on the line A l> we mark off by eonqwisHCH 
a part AC, which represents 3*5 ft. ~ to 3i of the larger squares. 
We now join BC, which we find represents 2-H ft. or 2 ft. 
9*6 ins. 

EXAMPLE. The equal sides of an isosceles triangle are each 
4*0 inches and the angle at the apes W . Fi ml the length of 
the base . 

First set out two lines AX and A Y containing an angle of .HI' 
From each of these, cut off fw>rtion# A It and AC to represent 
4*5 inches (Fig. 31). Join BC, which will lx? found to represent 
2*35 inches. 
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Fig. 30. 



no. si. 






MULTIPLICATION AND DIVISION 


fii 


MULTIPLICATION AND DIVISION BY MEANS OF 
SQUARED PAPER 

(a) Multiplication 

Example. To multiply any number by 2. 

On a sheet of squared paper, mark out suitable scales, 
vertically and horizontally. 

The most convenient ones for this example will Ik* large 
scale ones, allowing 10 small squares to each unit (in each of 
the two directions), so that each small square of a unit 
or *1, and half the distance across a small square *<lf> 

Note. The two scales need not he of the same dimensions, 
and one may Ik* double, treble, one half. etc. of the other 

To multiply 1 by 2. we note the unit 2 on the left hand 
vertical column, and draw a line horizontally to the right from 
it, till it meet P t Q, a line drawn vertically from the unit 1 on 
the horizontal scale (Fig. 22). 

.loin ()Q and produce it to Q x . This line OQj can be used to 
multiply any number by 2. 

Thus, to multiply 4 by 2. we draw a vertical line /*//, from 
the4 units on the horizontal scale, to the multiplying line OQ x . 

A horizontal line drawn from to OX gives us H units 
as the product . 

Example. To multiply /-s.J by 2 

From the point 1\ (which is 1 S.*i units from O) draw a 
vertical line P./J t to 0<j v and from Q x a horizontal line to DA'. 
The answer is 3*7. 

Note also, that 2ho * 2 -• .V3 ( Fig. 32). 

Example. To multiply 11 by 2 7. 

On a conveniently waled sheet of squared pajsT (Fig. 33) 
mark off from O. on the* horizontal scale, Ol\ equal to I unit. 
On the vertical scale, find a distance equal to 2*7 units, and 
draw from it a horizontal line to meet a vertical one 1\Q X from 
the 1 unit mark on the horizontal scale, .loin and 

produce it to Q. Then 0Q can be used to multiply any number 
by 2*7. 

From P t (which is 1*3 units from 0) draw' a vertical line 
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P 2 Q 2 to ()Q y and from Q t a horizontal line to OX. This* 
point gives us the product of 1*3 and 2-7 = 3*51. 

Noth. Every new multiplier requires a new multiplying 
line. 
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(h) Division 

Division is the reverse* of multiplication, and in working 
examples in this rule, we must consequently reverse the process 
we adopted for multiplication on squared paper. 

EXAMI’LK. I )i riflf’ T2o by 2J. 

Having marked out convenient scales on the horizontal and 
vertical axes, we tirst divide 2-."> hv 2*5, by finding the point 

2- o on the vertical axis, drawing a horizontal line to a point 
vertically above the unit 1 (i.e. the quotient of 2*5 ! 2*5) on 
the horizontal axis, and dropping a vertical line on to 0A\ 
Through the point, when* tin* two construction lines meet, 
draw OQ. which can be used to divide any number by 2-5 (see 
Fig. 34). 

Thus, to divide 3*25 by 2*5, we find the point representing 

3- 25 on the vertical axis, draw a horizontal line to OQ. and 
drop a vertical line on to OX. This will give us the required 
quotient, which is 1*3. 


TO PROVE THAT J 75 

The fraction J means that 3 has been divided by 4, so we 
mark otT (see Fig. 35) 4 units horizontally from (), and 3 units 
vertically from O. From the point Q\ where the vertical 
line from numl>er 4 and the horizontal line from numl>er 3 
meet, draw Q’O. From muml«*r 1 on the line OX draw a 
vertical line to Q on tin* line (/(). A horizontal line from Q 
to OY gives us the required answer. -75. 

GIVEN THE SINE TO FIND THE ANGLE 

RxAMPtB. The sine of an angle is 2. Find the angle. 

v peniendietilar 

so we art' required to construct a right-angled triangle whose 
perpendicular - 3 given units and hypotenuse - 7 given units. 

First make /IC- 3 given units, (Fig. 36.) 

(3 larger squares). 
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and from C describe an arc whose radius = 7 of same units. 
Make BA perpendicular to BC and meeting the arc at the 
point A. Join AC 1 . 

The angle CA B is the angle whose sine * J. 



Example. Find the angle whose sine is J or \ or *5. 

Proceeding as Wore, we make BC *2 units (Fig. 37), and 
from C set out a line » to 4 units, which will meet the perpen- 
dicular BA from B at a point A . 


GIVEN THE SINE TO FIND THE ANGLE fi7 
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GIVEN THE COSINE, TO FIND THE ANGLE 

Example. The mine of an angle is j\. Find the angle. 

~ . base 

Cosine =r — , — • 
hypotenuse 

We are, therefore, required to construct a right-angled 
triangle, whose base = 9 units, and whose hypotenuse = 10 units. 

Make AB = 9 units (see Fig. 38). At B, erect a perpen- 
dicular, and from A make an arc whose radius is equal to 
10 of the same units. Join the point C (where the arc cuts the 
perpendicular) with A, and our triangle is completed ; 

A is the angle whose cosine “ft- 

GIVEN THE TANGENT, TO FIND THE ANGLE 

Example. The tangent of an angle is -675. Find the angle . 

Note. *675^;’,, 

Tangent = 

We are, therefore, required to construct a right-angled 
triangle whose base * 40 units, and whose perpendicular 
height *27 units. 

Mark olf .4C equal to 40 units (see Fig. 39), and BC (at 
right angles to AC) equal to 27 of the same units. 

Join AB, and our triangle is completed ; 

A is the angle whose tangent * |J or *675. 

SIMILAR TRIANGLES 

Problems, similar to those given in the chapter on Trigono- 
metry, in connection with similar triangles and the truths 
discovered by Thales, can be worked very effectively by the 
use of squared paper. 

Example. A tower casts a shadow of 46 feet on the ground. 
At the same time, a 16 foot pole casts a shadow of 12 feet. Find , 
by squared paper , the height of the tower . 

First, mark out AB horizontally, to represent the shadow 
of the tower (45 feet), taking 45 small squares for the purpose 
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(see Fig. 40). From /?, mark off BC = 12 small squares, to 
represent the shadow of 12 feet cast by the pole. At C, 
erect Cl) at right angles to AB, and 10 small squares in 
length, to represent the 1G foot pole. 



FlO. 31). 

Join ii/J, and produce it till it meet a perpendicular line 
from A at E . 

AE will represent the height of the tower, and will be found 
to be equal to 00 squares, which means that the tower is 

00 feet high. 

Example. .4 man , 6 feet high , standing /•> feet from a 
lamp-post, observes that his shadow , cast by the light , is 5 feel 
long, 

(a) Find how high is the light ; (6) how long the man's shadow 
will be if he move 8 feet nearer to the post : and (r) the distance 
from A to H, 

(a) On a sheet of squared paper, mark off AB (Fig. 41) to 
represent 15 feet, say 45 small squares, the distance of the man 
from the post. 
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At *4, erect the vertical line A I), to represent ft feet (18 small 
squares), the height of the man. 

Produce BA to (\ making -IT equal to 15 small squares, to 
represent the length of the man's shadow (5 foot). 


£ 



PlO. 40. 


Join CD , and produce it to meet a vertical line from /?, at E, 
BE represents the height of the light, which will be found 
to be 72 small squares, representing 24 feet. 

(6) From A mark off AF (in the direction of B) equal to 
24 small squares, representing 8 feet. 
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At F erect the vertical line F(>, equal to 18 small squares; 
representing the 6-foot man. 

Join EQ, and produce to //. 

E 



no. 4i. 


FH represents the length of tl>* man's shadow, which will 
t>e found to be 7 small squares, representing 2 feet 4 inches. 

(r) The distance from .4 to H will }>e found to be equal to 
17 small squares, representing 5 feet 8 inches. 
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EXAMPLES IN GRAPHS AND SQUARED PAPER 

1. Make a graph of Die attendance#! of the scholars in your class for 
a week of 10 attendances. 

2. Make also a graph (on the same sheet of squared paper) showing 
the number absent each } day of the same week. 

3. Construct a graph showing t he temjH*rat lire of your classroom for 
a week, taking the temperature at 0 am., 12 noon, and 4 p m. each day 
(Note there will be 15 entries for the live school days.) 

4. Commie a graph showing the height of the barometer each day 
for a period of a fortnight, or, if jKissible, a month. 

5. Construct a graph showing the numtier of hours of sunahine in a 
selected watering-place (taken from a daily newspa|>or) for a month. 
Plot the exact hours, r.y. 8*0, 10*2 hours of sunshine 

6. Make a graph showing twice times table . 

7. Make a graph showing three times table. 

8. Make a graph showing four times table. 

9. Continue these graphs up to, and including, twelve times tabic. 

10. Make a graph showing 2*5 x 3*7. 

11. Make a graph showing 18*5-r3*7. 

12. Show, by means of a graph, that \ =• 25. 

Construct right -angled triangles by means of squared pajier, having 
given : 

13. That sin A 

14. sin A r f f. In each rase, find the size of the angle A, 

15. sin A | . by means of your protractor, to /Ac ntareat 

16. cob A i % . '‘W" 

17. cos A jf. 

18. cos .4 l . 

19. tan A ~ \ 

20. tan A -- V 

21. tan .4 rr v 

22. The lengths of two side* of a triangle are 3 8 and 4*6 inches 
respectively, and tin* angle between them is 3.V Find, by mean* of 
squared paper, the length of the third side (to the nearest first decimal). 

23. Do Question 28, in the trigonometry examples, on squared paper, 
and find the height of the tower. 

24. Do Question 29, in the trigonometry examples, on squared paper, 
and find the height of the house. 

25. Do Question 30, in the trigonometry examples, by means of 
squared paper, and find the height of the tree. 
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26. I>o Question 31, in the trigonometry examples, by means of 
squared paper, and find the height of the steeple. 

27. A ship sails 6 miles west, then 8 miles south. Find, by squared 
paper, how many miles, in a straight line , it is from the starting-point. 

28. A ship sails 12 miles east, 10 miles south, and finally, another 
12 miles to the east. Find, by means of squared paper, how many 
miles, in a straight line , it is from the starting-point. 

29. A cyclist journeys 6 miles to the east, and then 4 miles to the 
north-east. How far is he, in a straight line, from the start (nearest 
first decimal place) 

30. A ship leaves Lowestoft and sails f» miles K„ then 8 miles to the 
N.E., then 10 miles to the 8.K , and finally, 4 miles to the S., where 
she anchors. Ascertain, by means of a graph, the course of the ship, 
and the distance that, her anchorage is from l^owestoft, in a straight line. 

31. Two shijm start from the port .-I . One sails 70 miles to the north- 
east. and the second one 80 miles to the east, (n) How far are they 
&|*art, and (h) what is the Iwaring of ( ’ from li (show graphically) ? 

32. A cyclist leuve* the town li and travels 0 miles to the north-west, 
whilst a MKH’ond cyclist leaves li and travels f> miles due west. How 
far are they apart, and what are the “ IxmringH ” of the first cyclist with 
renjwct to the second one ? 

33 to 46. Do the examples illustrated by Figs. 28 to 41 without 
reference to the solutions in the text. 
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-6283 

•587 8 

7265 

1*3764 

8090 

'942 5 

54 

37 

[ 6458 

6018 

7536 

1 3270 

•7986 

9250 

53 

38 

•6632 

•6157 | 

*7813 

1-2799 . 

*7880 

•9076 

52 

30 

*6807 

6293 ! 

8096 

123*9 

7771 

6901 

51 

40 

i '6981 

•6428 j 

8391 

1 1918 

7660 

8727 

&Ci 

41 

•7156 

j 6561 j 

'8693 

1 1504 

7547 

8552 

41 

42 

7330 

I -6691 J 

*9004 

1 1106 

7431 

•8378 

44 

43 

1 7505 

*6820 ! 

9325 

l 0724 

7314 

8203 

41 

44 

[ 7679 

i -6947 ; 

•9657 

1 0355 

7193 

8029 

4( 

45 

> *7854 

; 7071 | 

1 oooo 

1 OMOO j 

7071 

7854 

4£ 



i 

- * * 

**• — ’ 

8 foe 

IU4fom 

Afo 



aaaasaa 8 saa saa saa 8 saa saa saa 8 gw »•» 8 BMI 
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LOGARITHMS 
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ANTILOGARITHMS 



Moan Difference#. 


12 3466789 


1201 j 1 204 ! 1297 
1321 ! 1324 : 1327 
1352 1355 i 13. '*8 

1384 : 1387 ! 1300 
1410 . 1419 1422 
1440 ; 1452 j 1453 
1483 1480 ‘ 1489 
1517 1 1521 1 1524 
1562 1550 ; 1500 


1 1020 i 1020 
11003 1007 j 


•17 1802 
•» 1905 
•S3 1950 


1742 1 1746 
1782 ! 1780 
1824 j 1828 
1800 1871 
1910 1914 
1954 i 1939 
200012004 


1009 

1012! 

1014 

1033 

1035 

1038 

1037 

1039 

1062 

1081 j 

1064 

1066 

1107 1 

1109 

1112 

1132 1 

1135 

1138 

1159 

1161 

1164 

1180 

1189 

1191 

1213 

1216 

1219 

1242 

1245 

1247 

1271 

1274 

1276 

1300 

1301 

1306 

1330 

1334 

1337 

1361 

1363 

1368 

1393 

1396 

1400 

1420 

1429 

1432 

1439 

1462 

1466 

1493 

1496 

1500 

1528 

1531 

1535 

1503 

1367 

1570 

1000 

1603 

1607 

1637 

1041 

1644 

1073 

1079 

16 S3 

1714 

1718 

, 1722 

1754 

1759 

: 1702 

1795 

1799 

1803 

1837 

1841 

1845 

1879 

1864 

1886 

1923 

' 1 >28 

1932 

1906 

1972 

1977 

2014 

2018 

2023 

2001 

2005 

3070 

2109 

2113 

2118 

2158 

2103 

2108 


1016 

1019 

! 1021 

1040 

1042 

; 1045 1 

1064 

1067 

! 1069 

1089 

1091 

, 1094 

1114 

1117 

11119 

1(40 

1143 

1146 

1167 

1169 

■ 1172 

1194 

1197 

1199 


1 250 

1253 

1256 

1279 

1282 

1285 

1309 1 

1312 

1315 

13(0 

1343 

1346 

1371 

1374 

1377 

1403 

1406 

1409 

1435 

1439 

1442 

1409; 

1472 

1476 

1503 j 

1507 

1510 

1538 

1342 

1545 

1574 j 

i 1378 

1581 

1611 

1614 

1618 



2193 2198 
2244 1 2249 
2290 j 2301 

2344 2350 2353 
2399 2404 2410 
2456 2400 2400 
2512 2513 12523 

2570 2582 
2030 2642 
2098 2704 

2701 2707 
2825 2831 
2891 2897 




1687 

16HO 

1694 

1726 

1730 

1734 

1766 

1770 

1774 

1607 

1811 

1816 

1849 

1854 

1858 

1892 

1897 

1901 

1936 

1941 

1945 

1982 

1980 

1991 

2028 

2032 

2037 

2075 

20«0 

2084 

2123 

2128 

2133 

2173 

2178 

2163 

2223 

2228 

2234 


2259 2205 

2270 

2312,2317 

2323 

2300 2371 

2377 

2421 2427 

2432 

2477 2483 

2489 

2535 2541 

2547 

2594 2600 

2606 

2055 2061 

2667 

2716 2723 

2729 

2780 2786 

2793 

2644 2851 ! 

2858 

2911 12917 

j 2924 

2979 ! 2985 

‘ 2992 

3048 3055 

3062 

3119 3126 

3133 


2328 2333 

2339 

2382 2388 

2393 

2438 2443 

2449 

2495 2500 

2306 

2553 2559 

2304 

2612 2618 

2624 

2673 2079 

2685 

2735 ; 2742 

2748 

2799 1 2805 

2812 

2804 2871 

2877 

2931,2936 

£944 

2999 : 3006 

3013 

3069*3076 

3083 

3141 3148 3155 


2 2 2 3 
2 2 2 3 
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ANTILOGARITHMS 



331113311 ) 332 


3483 3401 
1 3566 3573 
! 3648 : 3656 

3733 3741 
3819 3828 
! 390b 3917 

1 3900 j 4009 

! 4093 j 4102 
4188 ! 4108 
4283 i 4295 
4385 i 4395 
4487 ! 4498 
4592 4903 

4999 4710 
4808 4810 
4920 4932 


5152 5164 
. 5272 i 5284 
, 5395 | 5408 

i 5521 ‘ 5534 
5649 5662 
5781 i 5794 

5916! 5929 
6053 6067 
6194 6209 
6339 6353 
6486 6501 
6637 6653 
6792 ; 6808 

6050 6966 
7112 7129 
7278 7295 

7447 7464 

7621 763* 
7798 7816 


8166 8185 
8356 8376 
8551 8570 

8750 8770 
8954 8974 
9162 9183 

9376 9397 
9594 9616 
9817 9840 


4 

6 

! 

1 

6 

?192 

3109 

3206 

3266 

3273 

3281 

13342 

3350 

3357 

3420 

3428 

3436 

3409 

3508 

• 3516 

3581 

3580 

3597 

3064 

3673 

I 3681 

3750 

1 3758 

8767 

3837 

3846 

- 3855 

3028 

3036 

1 3045 

4018 

4027 

j 4036 

4111 

4121 

4130 

4207 

4217 

4227 

4305 

4315 

: 4325 

4406 

j 4416 

4426 

4508 

4510 

4529 

4613 j 4624 

4634 

4721 4732 

4742 

4H31 

! 4842 

, 4853 

4943 

1 4955 

.4066 

5058 

5070 

5082 

5176 

5188 

5200 

5207 : 

5300 

5321 

5420 j 

5433 

5445 

5546 j 

5559 

5572 

5675 1 

5680 

! 5702 

5808 | 

5821 

16834 

5043 

5957 

5970 

6081 

6005 ; 

6100 

6223 

6237 | 

6252 | 

6368 6383 j 

6307! 

6516 

6531 

6546 

6668 

6683 

6600 

6823 

6839 j 

6855 

6082 

6008 

7015 

7145 

7161 

7178 

7311 

7328 

7345 

7482 

7490 

7516 

7656 

7674 

7601 

7834 

7852 

7870 

8017 

8035 1 

8054 

8204 

8222 

8241 

8395 

8414 

8431 

8590 

8610 

8630 

8790 

8810 

8831 

8995 

0016 19036 

0204 

9226 9247 

9419 

9441 

9462 

9638 

9661 

9683 

9863 

9886 

9908 



Moan Dtffrrvnct*. 


1 18 4 5 6 7 8 I 


I 3532{3540 
1 3614; 3622 
) 3608 3707 
1 3784 8703 
I l 3873 3882 
1 13963 3072 


4140 4150 4150 
4236 4246 4256 
4335 4346 ; 4355 

4436 4446 } 4457 

4539 4550 14560 
4645 4656 4667 

4753 4764 4775 
4864 4H75;4887 
4977 4989 i 5000 


5224 5236 
5346 5358 
6470 6483 

5598 ; 5610 
5728 6741 
5861 5876 


15998 16012 
1 6138 16152 
6281 6295 


6661 1 6577 , 6592 
6714 16730 6745 
6871 j 6887 j 6002 
7031 1 7047 1 7063 
7J94 7211 7228 
7362 7379 7396 

7534 ! 7551 ! 7568 
7700 ; 7727 7745 
7880 7007 j 7026 

8072 1 8001 j 8110 

8260 8270 ! 8200 j 
8453 8472 8402 
8650 8670 j 8690 

8851 i 8872 j 8892 
9057 1 9078 9099 
9268 i 9290 i 9311 
9484 j 9506 9628 
9705 9727 9750 
9931 . 9954 9977 











USEFUL CONSTANTS 

1 inch »25-4 millimetres. 

1 gallon - *1605 cubic foot = 10 lb. of water at 62° F. 

I knot = 6080 feet per hour. 

One pound avoirdupois *7000 grains =453*6 grammes, 
cubic foot of water weighs 62*3 lb. 

cubic foot of air at 0° (\ and 1 atmosphere, weighs *0807 lb. 
cubic foot of hvdrogen at 0° C. and 1 atmosphere, weighs 
•00557 lb. 

foot-pound = 1*3562 x 10 7 ergs. 

horse- power- hour = 33000 x 00 foot-pounds. 

electrical unit = 1000 watt-hours. 

horse-power = 33000 foot-pounds per minute =746 watts. 
Volts x amperes « watts. 

1 atmosphere » 14*7 lb. per square inch =2116 lb. per square 
foot = 760 ram. of mercury « 10* dynes per sq. cm. nearly. 
A column of water 2*3 feet high corresponds to a pressure of 
1 lb. per square inch, 
r -3-1416; or 31. 

One radian =57*3 degrees. 

To convert common into Napierian logarithms, multiply by 
2*3026. 

The base of the Napierian logarithms is e = 2*7183. 


SO 



ANSWERS TO EXAMPLES 


1. MISCELLANEOUS EXAMPLES IN DECIMALS AND 
APPROXIMATIONS 


1. 

•428. 

2. -5. 

3. -73. 

4. 

■89. 

5. 

•015. 

6. -232 

7. -199 

8. 

•(H) 1 

9. 

•125. 

10. -891 

11. 939-58, 60-42 

12. 

58-172. 

13. 

•465. 

14. 500 toiiH 

15. 27-375 11>8 

16. 

6- 83 cwtu 

17. 

3408-255 

18. 11808 

19. 6628-125. 

20. 

503*75. 

21. 

42-96875. 

22. 1194 375 

23. 345-75 

24. 

7533-2. 

25. 

111207. 

26. 3375. 

27. 0217 

28. 

71-5716 

29. 

278-61 

30. 180-6 

31. 2-112. 

32. 

830-875, 

33. 

14029-6875 

34. 328-5625 

35. 570-865 inH 

36. 

£192 375 

37. 

98-701 

38. 2 2482 

39. 1 0638 

40. 

11 7436. 

41. 

3*9403 

42. 1620. 

43. 24 iron rod* 



44. 

30 piece* of cord. 

45. 174 timea 

46. 

25-333 

47. 

32 time*. 

48. 8-8872. 

49. -1103. 

50. 

17,441 5888 

51. 

10-3070 

52. -1898 

53. -067. 

54. 

•316 

55. 

•713. 

56. -009. 

57. 001. 

58. 

•050 

59. 

•328. 

60. 001. 

61. *247. 

62. 

•170 

63. 

•004. 

64. -068. 

65. 47-9751 

66. 

1826-3920 

67. 

6 5608. 

68. 15-3091. 

69. 1153 9325. 

70. 

4888-6879 

71. 

•0762. 

72. *8095 

73. 1-6462. 

74. 

1 1731. 

75. 

•0184 

76. 793-5294. 

77. £5 1 7m. 8d. 



78. 

(a) £32 5s. 

lOd . (6) U. 2d 

79. 570 ton*. 

80. 

£ 100 . 



2. EXAMPLES IN ALOEBRA 





(a) 

Addition 



1. 

10tr + 3y 

2. 116*. 

3. 125 + He. 

4. 

0 . 

5. 

8a*+a6. 

«. 3x*+ 2x*. 

3**- 15ur-2. 

7. 

4ob -4. 


W.M. 
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ANSWERS TO EXAMPLES 


S. x* + y* + 2*-3xy2. 9. x 4 + r 2 y 2 + y 4 . 

10. a* + 6* 4- c* + 3 a*b + 3a6* - a*c - ac l - b*c - be 1 - 2aftr. 

11. +y* + - 4x*y + 4x*2 - 4:ry* - 4t/ 3 ' + 4.cc 3 - 4 >/z* + Ox 2 // 2 + 6x*z * 

-t 0y*2* - Vlxhjz + 12xy*z - 1 2xy'z*. 

12 . 0 . 


(6) Subtraction 


1. 

4 a + 2b * 

f 6c. 




2. 

- 4x + 2y - 

62. 


3. 

o 1 - 3ab 

- b 2 - 5« - 

7 b - 

8. 


4. 

2a 4 

-2a*r* 

+ J* 4 . 


5. 

4« 4 + 8 a z b 2 + 4 b 4 . 




6. 

- 3x* - 3z 3 

- 3j**2 - 

-3acy*. 

7. 

x 4 - or* 

~9fi*r* -3<i*x - 

2fi 4 . 


8. 

O. 




9. 

- a - b - 

- C -rf+f + 

/+!? 

4 5. 







10. 

2 j - 4 - Hx*/j -f 1 2x*v* 

- H.ry 3 + 2.V 4 . 

11. 

ar 4 - 

2* V 

■y*- 


12. 

+5* - 

2c J + 2a5 - 

• 2«r 

- 26c 











(<•) 

Substitution 




1. 

8. 

2. 27. 


3. 

6. 


4. 

-16. 

5. 

6. 

6. 

2, 

7. 4. 


8. 

0. 


9. 

ft. 

10. 

11. 

11. 

-7. 

12. -ft. 


13. 

_ 7_ 


14. 

7. 

15. 

-69. 

16. 

_ o. 

17. -8. 


18. 

51. 


19. 

6. 

20. 

3. , 

21. 

125. 

22. 3ft. 


23. 

1 


24. 

aV- 




3. EXAMPLES IN FORMULAE (INCLUDING 
MENSURATION) 


(a) The Square 

1. A = 6-25 sq. in*. 2. A -14-44 sq. ft. 

3. A 2=100 acre*. 4. .4 =632 acre*. 3620 sq. yd*. 

5. A * 14 *q. yda. 4 sq. ft. 49 sq ins. 6. »S - 69-57 yards. 

7. *S=8-31 inches. 8. *S - 4 yds. 0 ft. 7-31 ins. 

9. «S = 220 yards, or 1 furlong 10. S . 12-50 feet. 

(b) The Rectangle 

11. A =8*4 sq. ins. 12. .4 10-08 sq. ins. 

13. .4 =9*4 sq. ft. 14. A 7 acres. 3520 »q. yds. 


15. .4 =23*43 sq. ins. 
17. 6 =7 ft. 5*30 ins. 
19. 6 = 165 yards. 


16. /= 8-54 ins. 

18. / - 7 yds. 0 ft. 4*13 ins. 

20. I = 18 mis. 1 fur. 199-48 yds. 
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(c) The Triangle 

21. A =17-94 sq. ins. 22. A - 297 sq. yds. 6 sq. ft. 

23. A =150 acres. 24. / =27-23 ins. 

25. 6 = 16 yds. 2 ft. 9-88 ins. 26. / 9 fur. 76*60 yds. 

(d) The Circle 

27. C~ 11 ft. 61 ins. 28. C 13 ft. 5-48 ins. 

29. V 07 yds. 0 ft. 8 ins. 30. r 1 ft. 9 ins. 

31. r = 14-28 yards. 32. r 280 yards, or 1 fur. 60 yd*. 

33. .4 =2 sq. ft. 58 5 sq. ins. 

34. A =43 sq. yds. 2 sq. ft. 58-29 sq. ins 

35. .4 =31*42 acres. 36. r - 2* 25 ins. 

37. r = 39-24 yds., or 39 yds. 0 ft. 8-71 ins. 

38. r 5-03 yds. or 5 yds. 0 ft JOS ins 

39. 68 1 sq . yards. 40. 129(H) times. 

41. 105,600 - 18,480 87,120 revolutions. 

42. 28 sq. yds 2-5 sq. ft. 43. 381 & yards (nearly). 

44. 2512 yards. 45. 9f*. 

46. I' 11 (practically 2 feet). 47. 26g feet. 

48. 141 inches. 49. 45 t *,°. 50. 72". 

51. 158g sq. inches. 52. 69^ s<j. feet. 53. 102! sq. inches. 

54. 2261 sq. yards. 55. 1 13f sq. yards. 56. 23-4". 

57. 87-6' 58. 13,'*, sq. inches (practically 13) sq. inches). 

59. 3-1416 inches. 60. 1 sq. ft. 1 04 J sq. inches. 

(c) The Lever 

61. 8 inches. 62. 2 ouncwa. 63. 42-9 lbs. 

64. 9-1 lbs. on rack handle. 65. 22*4 lb«, 

(/) Simple Interest 

66 . / =£182 1 Is. 7d. 67. / = £20 18s. 5d. 68 . A =£629 4s. 

69. .4 =£56 12s 8d. 70. A =£627 12s Od. 

4. EXAMPLES IN TRIGONOMETRY 

1. (Construction). 2. g is the largest angle, 

3 . A is the smallest angle. 

4 a = -7660, b = -8630, c = -3256, d = -4540, e = -61 57. / = *9613, g * *9966, 
h = 1736. 
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5. o=40° t 6 = 28°, c =71°, tf = G3°, r=52 5 , /=lG 0 f 0=3°, 4=80°. 

6 . a = *7660, 6 = *8830, c = -3250, d = -4540, f = -6157,/ - -9613, g = * 9986 , 
A = -1736. 

7. a ~ *0428, 6 = *4695, c, = *9455, rf = -8910, # *7880,/ = -2758, g = *0523, 

A *= *9848. 

8. a 40\ A **- 28°, r 7I\ d~63\ r ~52\ /= 16°, <7 = 3°, A = 80°. 

9. « 15 \ b -- 19", r -23. d 2G , # 31 ,/ = 50\ £=94, A = 89°. 


10. 

a r 

75°, h 

-71°, r 97 

; d 

94 J . r 

- 59 , / - 40°, g - 26°, h =21°. 

11. 

a - - 

2°, b r 

7°. r ir; 

il 21", f - 

4 1 ; / = 51 g -84°. A =87°. 

12 

a 

88'; b 

83 c , r 79 

,d 

99 y . V 

49 , / sr 39°, g = 6°, A - 3°. 

13. 

(See text 

in Book 1 ) 




14. 

a 

T\ b 

12 ; c -17" 

. d - 

24; r 

52°,/ 94 ; r/ r 73°, A -81°. 

15. 

n 

H\V\ b 

78 . r 73 

. d 

99 , r 

38 ./ 29°, g - 17°, A 9°. 

16. 

(See text 

in Book l ) 



17. (1) AH(\ (2) A'rZ, (3) MXO . 

18. 

(«) 

Base 

AH. (b) 

Base 

Ii(\ 

(»•) Perpendicular height ~BC t 


(d) PerjHmdioular height AH 

19. (<i) Base A' (b) Base >’Z, {< ) Periodic ulur height - KZ, 

(d) Perjiendicular height A'V. 

20. (a) Base A/.V, ( b ) Base O.Y, (r) Perpendicular height ~OA\ 

(d) Perpendicular height A/ A*. 

21. («) Hypotenuse *5 inchtw. (6) win .4 f or *8, 

(<•) tan J or *75, ( r/) cos .4 • jj or *8, 

(r) ion .4 i or 1-3333... , (/) coh C t or *8, 

(</) sii&C jf or •(» 

22. (<i) Hyj>ot4*nuae 0* inches, (b) win A’ -{for *9231, 

(r) cos A’ vV or *3849. (d) tan Z ~ / 5 or *4167, 

(r) cos Z or *9231, ( /) tan A' - *** or 2*4. 

(?;) ain Z = ,% or -3848. 

23. Cosecant J. 24. Secant -J. 25. Cotangent =f. 

26. (See Text in Book 1.) 27. (See Text in Book I.) 

28. 93 feet, 29. 42 feet 30. 95 feet. 31. 84 feet. 

32, 33, 34. (See Figures 19. 20 and 21.) 

5. EXAMPLES IN SQUAB ED PAPER WORK AND GRAPHS 

1-5. (Various answers.) 6-9. (See Text in Book I.) 

10. Answer =9*25 (see also text in Book 1.). 

11. Answer = 5 (see also text in Book I ). 
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12. (See text in Book I). 13. 67°. 14. 77°. 15. 19°. 

16. 74°. 17. 10°. 18. 41 c . 19. 53°. 20. 74°. 

21. 67°. 22. 2*4 inches. 23. 93 feet. 24. 42 feet. 



25. 95 feet. 26. 84 feet. 27. 10 mile*. 26. 26 mile*. 

29. 9*3 mile*. 30. 181 miles. 31. (a) .78 miles, (5) W 32° N. 
32. (a) 4*3 miles (nearly), (fe) N. 10° E. 

33 to 46. (See Figs. 28 to 41.) 
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